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Abstract of JP 2002056396 (A) 

PROBLEM TO BE SOLVED: To provide a method 
for generating a command to a directed adjacent 
graph such as expression tree or the like for plotting 
to a raster pixel image having a plurality of scanning 
lines and a plurality of pixel positions in each 
scanning line. SOLUTION: The expression tree 
comprises at least one master node and at least leaf 
node. Each of the master nodes expresses an 
operation and has a branch to the respective lower 
node. The leaf node expresses a graphic object; 
This device comprises a module 504 for determining 
the part of the expression tree for delivering a data 
to the expression tree according to the activity of a 
computing element and a module 506 for generating 
a command to the determined part of the expression 
tree, and a computing element command to the 
computing element of the part having the active 
branch of the expression tree and a leaf command 
for the active graphic object are generated therein. 
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(7) 2002-56396 

5o 

[0 0 0 2 ] ^m<nmi9!W^%m\i. ^yy^y^^ 
fcisf)W3^)fei:gSi:iMii-r5o *ie 14 7 ^ ^' W 

[00 0 3 ] ISI^roWf: 

;*:g|55>ro:j-7'v'3:!!' y^'-:!^<oifyy^-y{'y^iy:^7'A 
5o ^yy^yif:tyi^:^i' l«W*ii*15li, tUS* 

\^4y9<r,TiVdi^)XJ>. (Painter's algorithm) J 

;^=>f •r>'7 -< ^-wiifltt'^ ^;=^=^-Y>-7'i' 
[0 0 04 ] rroSfelitt. S*Wt2oroPflH;0Sfo 

30 6o ^ICOfHSttv 7W— A;^ hTF^W-f '<T(75Iif^'^ 

h T if wa^i- 'fr a i^-r ^iei4 ^5 5 /5> ?> r- 

fo^„ rwfcfc, 7V— A;^l>rtt. a;ti4¥!gf$«7 
yy^.r^' -fe;^7(^-y (RAM) i^dKi^ $n«>„ 

40 ■m^mz'^LQi-t'f'^ ^i; Mc:J;oT±^t) (Pfi' 
yyy v*') $ix5::i:-efo5. z.(r)fz.t>. ■^m^\zM 

[0 0 0 5 1 ^teiw^u—A;^ brroBgjasrjSflR-t-sfc 

Jt>«*fe<!0 1 o:iS, ry-SV-r^WVy (banding) J Offi 
50 #:SEi-5 7U-A;^ hTweiJ5>«^ffll]Sr'< 



(8) 
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13 



14 



es) J (Vol.18, No. 3(1984) pp. 2 5 3-259) T'lSiESflS 



[0 0 0 7] :'!:#v^7W— a;^ hr» . ris?) , ffrlE:;^fe;Js, i '3W±wiii3K<aB«oi'/>-7'Sr 

5„ ^co;^*i->-7-<'y±-C'W*t^i:'i^:t7'v'n.^' h 30 ^i.-7°-r-T ^"^ 7'^^^^ 7 ^- y ;<|-7"i>3i 

fg$feliif4c'i:(-l'5wr^'r-f7'7-f-/i'K;^5fo6c, # bco/c»ic^fi!cS4x5. 

Jt^^a^-;' v'ro^+w^tt-etiwR.I-e, [00 1 2J S/t, ^wn(r>m2cn>mmcxMm<oij 

77i^(C*t-t-5ffi5fe>ife^>-^-^Sr<ifflLXi:'«®5fe -CfooT, HlliE^^7y-(i, 1 oJ-:i±co/<'i'-^y 

SfeSr^£ffl1-5Ct»-±oT4figSil5, *S5£7'7>-^t*7-7>'^i:5r^L-C^20(7).«^fe$ 

[0 0 0 81 r«Sfc(±. 7U'-A7;h7'*fc(±7-<>' i^, Hfiia:^i£AS, iotA±roiii^&S<?)^/w-7'4:i*^ 

Nitm^tm&oim ■citf£<-'^(o:i—y~nf^m-^^ /M-^-yy-Kw£*«7'7>'f-*sT^7^-c7't?fo5A» 

[0 0 0 91 Lii-Uiii^h. rttbwffiJfeWi^a^y^'- ic/S:^'ibnfc^W-*-yy- Krofe^-r/^xf-^ST^T^ 

ytt^y i-y^(Dyy y ^ A^i-^£^mim!&i~?>tzli^ 7'-c-fo5®-a-i ^V^tt, flfiiEfey-K^^isffIfa*(-ift 

(OS^Jl;^±^:Xv^XV^'5<. Porter, T, Duff.TfcJ;?, ■eej^fc/'' 1* "t- iJ - 2 f fc "3 . WIE 

r-^lSx-f (Compositing Digital Imag 50 nfc''<'<' + W >' " K«fe7'7 i^^^Sr ^' 



[000 61 ^^<OiJ>K)ft!l«^^77-f y^'->'^^7^At? 



[00 101 *^?q(bawi±, |!£#««^«io*fc« 
[ 0 0 1 1 1 3S5q«Sii!Sj 



}fi»^#^, isiui^c-t'fjnfcy-^/'-KrofcAwy 
[0 0 13] at, *^g^«^3(73^1S^cii^(^»:o:& 

wy-Ktl oJil±w/V-t-y/-Ki:1Sfc«y'-7/ 

mW^^t> L , ± fmlH y - 7 y - K«^* tt 1 ojy± 

L, r -ChuKt— y/Ki§lii-t5^^-^'-:^y /-Ki: y 
tfliiwiMia^^i'-t-y wy- Kro^■^^^'^^WHlJlE^-='- K 

5&M«/iSBff?B^^*-<-^-y y- K(iiaii-t5ffi^?-«t*<1^li 

-rs^'^i'-^y /~V<n&-/y yf-t^r ■f-x^hii)-' 
if9*^*.^f 7^-/1' Ki:, friBBlil-f-5^<-i'-^y 
y - Kro^y 7 y^i^r ^ f 5 *»Sr ^-rs 4 7 

tr, SfIfE!|siJ»f$ixfcT^7''f7'&tJ!^ri'7=-^7'«:/ 
yy^mzi^kz., BuE7^-:7'/KOHiifS^3St;'l^47-f 
-yi-K^K*ft, ^^L^i^^0BtrE^!^/^-7'tcMtT, flfl 

19, :i:i-e, 5fe(c:?i:^•t>nfc/^-<•;^y y- K»£;&7'7 
yf-jasr^T- 7'T:'fo5;(»\ *fc(*, sfriHfe y-Kffl^ 

iii%\^tj:^hthtzy<^ y y - Ko 2 itlf St tigl-S-C-fc 
19 > m9t\^fi ^brit^^<4 -t- y y - K«fe:/ 9 y f-TJ-iT 

^-g-K, ntiid9t{ct£i=bntz^<4-rv y-F«£7'7>- 



htitz^Ui-'J y ~ h'co&ti-yy yf-i'^r T -yx-h 

y y - K» 2m'i^mci^^mx-h') . m^i,^^£i'btitzy< 

^-)-y y„ Kco^r7'7:/^;ii5Ti'r'fyT-foi9. &yy 

■t-y y-K<o;&:/7>'f^*s^:«T*y- K--t^^^^ib 
fi. SfFiEi^vi'-7'«#*(c:BaL-C, fIia*X0=fc:/7 > 
f-t^r^y-^ 7'-C'fcS^felci*^?>nfc/-!'f y y - KC: 
10 *j-L-C}Hg^<^^:tfi£L, /S:^•e>^^fcy-7y-K(c:*|■ 
UTy-7ia^<&iS:i^U, «?lia^/i--7*ro§*(cBiL 

[00 14] 4t*«?^«Sg4Wffi^^rJ;i^!f, 

S:4^-r5gg-x?&c-c< sfiia^rifi)pgsiasi±i'3U± 
(OiSy-K^ ioJiii±roy -7y-K*<i;t. -tn^tu 
wiiy-K(±S3S^-*aLT:, 
7>'^«r'tt, **i,mwy-7y-Kfi^9 7^7^' 
20 pf7-:?:n^' hJ^aLX^Jf) , WfE^S-*^ loJil±«H 
M4go^//v-7'^8^S-r?'^®i:, -ttiWroflfiiai^ 
;w-7'(Dfcfclc:> it^^^^r^'7'^• f7-f |-!J^oT*fj!E 

*^m«siii5^/i'-7*rofcfc(c. ^i^Ptgia^coHiiK 

'C\ ?ag^-^^ttTi'7'f :/7'^7'7yf-?r^r-t-6W[Js]P 
if 121 a « 9t « s tifc a!^> « ^- n W -1^ W t * 1- 
y--7^^(-j:, x^^^xi-nmmmmm.'/!^- 

30 T'T-r^'f- ^■:/7'J:^^^lbc?^^7 7^• 'y^;*- 7'i^3.^ b» 

[00 15] ■^fz.i?iwm%^<Dmm\^^^\t. iK<n>m 

•efcc-c, BfifHam-yy-tt, ioti±«/<^'t-y y- 
K i: IfilISc w y - 7 y - K <^ =t-t- 5 y - K * ^ L , 
r c: -e, * i^^<^roflf^l^^•< y y - Kfi •tix(--s: $ 

*s5y-K'-»2Ji?ag€raL, •tixmroflfrfay-K 

fey- Km«, fc-iO'Sy-KM^^r^ 
^, SfFiESms, ioju;t±wiiimffigiZ5^'/i'-7'*jfei£ 

OEtiCO/^^'-^-y y- K«2fe;&W7'7 7' 

-C&57!i»I^Ti'7^7'-T'fc5/!i>*!pJ»fi-5¥^t, -tix 
^'^roB^Iffi//^-7•(co^^r, SSIHSSy y-Sr^£^5 
¥©t , r - -c\ miE$feic*-t'b4xfc^<-i' -f y y - K« 

£;&7'"7>'^/i5r^7^-7'T-fo5m^. sfeVMi, SfiiES 
y - K^lsE /istflE^t l:: ^'^•e 'bh-fc-'M y y - Kro 2 ii 
50 JUSt.^.^-cfc'J, mm9tl,z.f£i'btitz''<-(-t') y~h' 



(10) q#P^ 2002-56396 

17 18 

[0 0 1 61 *fc*Jg?3»fS6«ffi<i»:iJ;ix«, i!fe»g fE-tS^^^Sr^tffS^Si: Sr«l*.5, 

g*5»#t$ix5. S^yy-id^fe^ [0 0 171 Sfc*%e«»ll 7(0^illcJ;ixtf, 

roy-Klcio£l±(0/Vt-y/'-Ki:1g!gcff?y-7/' 3,-i5' BrgEi«(*:-Cfeo-C, iIlE=fr|S] 

-KSr=tU, r;i-r-mia^<-l'-?-y/-Kro=S-«ttT*/' 20 B!fg80S(±ioEiJiroiK/-Ktl'3jJl±roy-7/- 

itSSr^i^L, *fcS&Ey-7/'-K<D=S-*(iloei± - K(±^^7 7^ y^;^^'-:^^!*' b^r^LTiJt), flflSB=» 

•^-LT, RtiaroMiI/<^-^-y roy-Fw^nrnwRdia 30 HtiE^:£$ti/clfl55)— ro^^?r^fefi)c-r6fc*«="~ K-t 

/wK<t, *ffllS;JSfIia.'<-i'-^-y/-K(c:Mig-r5|^l[i^ wfc^6^c*S^$^^^ y-7^^tt, i^ii>.±(Dmmim 

Sfl^E6la•t5^W■:^y/-K<7?fe7'7yf^i!|5ri'T•-Y7' T'v?^*' h 

T-foi5A»if9i!i^Sr*1-^37^-/PKt. SfJEMiii-'S [00 18] *fc*^P^co® 8 ro^ltlc J: 

(iriEiojii±(;>/V-f y K«fe*«:/7y^!4sr^ 40 £i.J:«^M-^y /- Ki:1iiccoy-7y- K^W-fSl^ 

He!B^^>'^-7•«#*^cMLr. fiflia^iM^ixfcri' -Kl±*ix(i^6$;*s«.fe:/7yf^i:*7'7>'f^i:&# 

y--cfRnf^r{>'r .<^<r>-/yy'r<r>tL>i>\^, mirr- urKaoro^tS^ssy - K'^ro2iiiS»S:aL, ^ 

y/K?3miB^3&o!^4 7-f-/i'KSrHS?r-r5¥©t> ^^mrofIlEy-m, 1 m&^^nmm^yi^:^^ 

izf£^hntzy<^-r\) y- Y(n^-:fyy'!-1^rf>'r^-:f 50 /<y(-t^)/-V'(r)P.-^<D-/yyf-i>^r i'7'^:/Xhii)^ 



fo"?, ftf^lB^fe(c<C■?:•6J^fc/^•Y•:)-y /'-Kw:^^?:^^ 

[0 0 19] *t*^S^C0^9<»^1i(c:iiXtf. ^(7)=r 
-t- 5 7 ^S' li * 1" ^ " i> 5lr IS il 1- a fc A CO :3 > f * ~ 

m^my y - !4?iiScw y - k td i ofixi©--^ i' y / - 

K<t«i!ccoy "7y-KS:*L. :i::x-mti^<-<-r'J / 

K^^r-r -Sir y^-^^'-r 6 1 <t t ic 2 o OHfiET;^ 
y-Kic^-r5 2idi?^^&s5*3L, ^fzttii&'J-y/- 

ffl^i«. *5±of«/-KW*^^. sfiia«myy-«r 

-7'yH4Hili-5^<'l' y / - Ki: y -7 y - 

y « y - K«-tn^'H©fltIIE 1^='- KI4. SulB£fiH*SiOS 

S if 9 ;!i-Sr 1 7 ^ - K t , iJSflaia^M 

Kro^y'y v^lf-r^T-^-f -CfcS Avi/ 5 Sr^^1-|g 3 
y^-ivYh. gSBEBDSS-f-a^M-^-y y-K<75*7'yV 
f-h^ri/T^ yA»i^^A>4:S^i-Sl4y-f-/u KiSrii 

-Ki:, HfllE^/l'--7'<0#-*(cKLr. Mia 1 oe*±(7) 
/^-f-^-y y - Krofi^roy'y vft'^r^r-^-f-rih^l)-^ 



(11) 2 0 0 2 - 5 6 3 9 6 

20 

IE^3at/l?4y^--yuK^ 5*f-r 5 fc * <73 - K t , 

bixt^^'T -^^ y y ~ \-'(n2m^m^'ii'^X'h 

i'r-f T'-Cfct?, ;0>o:&7'y>'f'*s#T^-r^-7'-C-fo5 
10 iI|B5ttC/i^fenfc/M-^-y y- KrofeT-yV 

f>^^t -^^ y y - Kco£*::^y :^^!isr i'T'-f T'-Cfo 

y y - K« 2 m^m^ii'Wvh fj , Siifeic fi^bhit^'^ 
■Y-^-y y- K»*7'9>'^!iSTi'r-f 7'TfcO, feT"? 

y y - v^ifi^o^Tisj- h'^tti^ h 

f^jjsr T' ^ T'-Cfc 5 ifelc + y y - Kic 

20 3ftLrjSISi#^SritfKL. /j;-?btifcy-7y-K(c^^ 
LTy-7flt^^Sr*^i-5fcfero3— Kfc. fiflSB^'/V 

[0 0 2 0 ] 5|P^«^)Sfecoff?SI 

10 0 2 1 ] Elltt. =>y fa. — ^'i^yy ^ •y^';d-y'v' 

-fe^iy^y (RAM) 3|;:iaiS-r5*^ h 7"n-tr.7f-2 

^y.{^ \'-y4:/5-^tciim\&.comWit. »^ttw¥^{* 
RAM4Sr^*5c:i:i05rtSo -^^t^ A i dtt, 
7'AKffii^?ffl;^^y (ROM) 6t#*H, ->J^r-AR 
OM6t4, ii^tt2ii^f*:ROM7 4:'<-/^tL> 

^y/^i- hf-f (CD-ROM) SliJ: 

{zWl^i-i> t:f^0:7f:mm (VDU) *fcfl:/y i^iJ'/^ 
i'ro, lii««:^S^t-«fc*«*l3:l 0'bi(a*jitf:ii:;iis 

10 0 2 2 1 '>^7^.i. 1 fc: Ml Lx±-vf^m Ltcm^wm 

(4, /^;^->;^7^A9%^LTtB£jgigg^5a, IBM PC/AT 
I- y'K)/'! - y 3 >- f :x - i? *5 ± 0!^: tu* » bis® L 
fc^jfe. Sun Sparcstationsfc-iy^OiSiagS'i; if, 

50 [0 0 2 3 ] lait-ia^^j^^n-cv^s 



m^v'-y^'v'^/n/yyy v^^gg2 Oil, iff 
* Lv^s^gJgs^c^3^^-c, -> a i zi^e>'<:^ 9 l 

;^7^i.RAM3Srfiiffl-t-5r fciOS-cts*^ u-y^yy 

[0 0 2 4] %%m<r>imt. ^^imm&\m-t^^ 

nn'T-i hTx-f M»f22LO«^'&±^*-:^a.-/u5 o o 
iB#w-fe^'->'3 V r3. 0 r^'X'f t^x-f WBr&o'^ 

10 0 2 5] )*:(C|2|2S:#Bai-5fc, »*LV^^iEJ^flg 

m.mMf\^m\t. 7t-y'jx.i^ hi^yy-i ^yi'iE.mi n^fi 

;^ H7■p■fe->'f-21c:±oT^t^tii$1^5^'7 7^ y;J';t 
M 3 IcEli 5 ii-fc 0 -> ^ T- R OM 6 75> iitt) $ tv 6 

7 > - ^' ic J: o -C m -« SrSESE f # S - » 



[0 0 2 6 ] I114AIC:. ^^^^Srii^ldEiS 

I'y^^y y^'-t'St*!::. 2o(7>|S^^ 6 0 lt3j;0! 

6 0 2lc^>Si]-r5£-Si!)Sfo5:r..yi;6 0 0 (c:*l•■t€l^^* 

;i,S^-C. :r..yv^6 0 0H, li!|-,ii;6 0 3fcJ;t)<6 0 4 4fc 
«il«-;;S6 0 4*3j;t>*6 0 5 ^;fi-r5 2 0(73SIJ*(D^-yv^ 
tLT^fctlfco SI 4B(C, ,1*;S6 1 ItoXVe 1 2 
10 i:itiij«6 1 3fcJ:06 1 4(r.J;oTE5i^n5H«>c;^ 
yy-iye 1 o^^-t^ r.(D7^ — -^y h Ti*, 

[0 0 2 7 1 01 4CRt^mi 4Dt> ^f* tV>*JSff^ 

20 [0 0 2 8 ] lai 4CWfeWi(c(i, T.^-^'yyAVK— 
MroW(C*fc!0S5^-(»3: yv^e 2 0*5^%$tb-CV>5, 
lyv'K, starl^x, start_y. ■x.y-^mk<Ii1^'fi^^-t 

yi^6 2 0(4, 3o(75;^7- y T'iSli^. \ rXO-^^ V I'^t^ 

x^ry7'IS5>(4, ^MIC, xXryT'lIi: y X7-y7"W: 
SrW-f Sfccoi L.rSg^n5o El/T^«3 oro;^f=-y7' 
30 ^J^w;^^. |§$)-Kifi(4 [0, 2]. [+2, 2] *5J; 
0 [+2, 0] T-fo6, i'£*>\ ^7~'ryymm^-¥!t 

;^7=-y7'iatt> £--f> Xdr^y7^xrol6/6Stt;t57;^ 

h/l-m^AX-h'O . ii^(4/<7;'-^start_x, start 
_y, finish_yfcJ;t/ffisS4 (DX) Z^mX' 
(i, h/m»7553;y 6 2 On^mmi^X-h^i^ 
b. start_xt5j;0'start_ytt> fi«^$^75^ ib^fel^^O) 

T% ^mtizti'^X'ti:, miMi. (DX) (4. 

40 T-*>i9, mco;^^-r:/7'i' ^-roxiiSic^D^^nr, a,ff 
;^^ + y7-i'>'»x1i«rJ|-x.5<, |gl^rofiJff4. DX= + 

*x5 2PgjI (DDX) t>*-r5, 
[0 02 9 ] 01 4D«:&ffll)ro^g5^tt, ^f*L^^^» 

50 spgffi (DDDX) *sj6Jp$ix-CV^S. fli^o#|K|ig^cov^■C 



(13) 



B2002-56396 



[0 0 3 0] ±mt^b. :^'y'jo-)mi^i:m'Mi-^^mm(r> 

j!fej|^S;-egEifii-5.K-S!4Sfco fc„ 
[0 0 3 1] Lv^^jfeJi?ffi(otti#*, lasirs^^ix 

15^7 8(±. 2r>n^vy ■<ii>\'-^-/'.^=^i' 
Af*:«)»-s 5 i. 9 0 i:^-«±li 

*p*».5±9(-, ft;^ji^9 0K(i> m*'<imm>m. (x) 
t:^=if-r>'7-ri^<a:it (y) ropfl'^S^snfeia {^-^ 

v>) 9 2. 9 4. 9 6fcJ:tJ<9 8i6S$*:JlSo aiyi^g 
6*3j;0!9 8tt. 7.*r^Vy ■iV±.\^'^^^^'i> (Lfc 

MEfiEtt, 0 9 A (c^r:$Hrv^.5 J; 5 ^ 

6„ 119 AlCliav^-t, :x.>v>92tt. H^^ftg (40, 
3 5) t^<6%^%^, 5x<.^'*-r&lTiiiBwT1M-^0'-C, 
iil^fSiS (4 0, 1 0 5) -Qm^^. [jJ|«l'. j:.j'-:^9 
4tt, ( 1 6 0. 3 5) ii^fefiS; (16 0, 1 

0 5) ^X'SiO'a. h 9 

0»7k¥a!^)-f4, *(C-T.-7v^9 2;(i^fej:.-7v' 9 4'~-9;^ 

So 

[0 0 3 21 L/i>L, Wv^H:^ff^C0;t:/v'3■- ^' h 8 0 
(i, Sow^yv?!^ h i^S 2, 8 4*JiO:8 6(c 

h/'^fc^'i:^i^•5o i^s 2*5<tO«8 4(4, Hi^ 
f£g (1 00, 2 0) ;5»?>*§*!3. ^nWli^fiiB 
(1 70, 9 0) *fc(4 (3 0, 9 0) ^-CEt^So ^ 

14. ::c.;,i;'8 6*5. J:-C5*'<fc:x y 9 6 *5 it)* 9 8 t 

-e(4*V\ tv^5«l4. 3:.yi^8 6a5, 3;yv?8 2:fo'J; 
t/8 4cr)$|;feSrt>-3fcV^9#iS*sfo5*»f>-Cfc5, 
8 2 *5 i t5 8 4 rofSieiiffi ffl $ ;h,5 JS i tJ«i^,S« 

^■^X'n^ii^ix+ 1 *fci4- 1 (r>mmm^mmi4tfb 

[0 0 3 3] DlOC::. y3 5X'i^t.&^ 

tl«8 4ti:^^-Y'^7-< 5 i: i;<7)J; 5 l-^SSH-t-S*^^ 



)V^^-r^y!rrfi>x.i/ V(n r±j icuy^^ y y^/^ixS 
Jl^r 2o(D;t:/v'3:*' h 9 0*JJ;(>'8 0 

^(Dh^:ittit>t^^. :Lf\.^mi 1 1^:^:1% Ell 1 

(4. 11^7 srop-y^'y y ^^icffiffl^ixs^iy v?y ;^ i> 

KSrTj^i-BlT'foSo 01 1C0U3- KK(4. 
i^i^ Srtdio-foco. 2o(7?:SB«s-g-*ti5. ^ 

Ell it^b. ^•y'Ju=:>~h'o:>^ti^'M\ ir-f 

[0 0341 sa«ia2(-MoTSiigfao uy^yv^^ 

SriSiBiJUfcw-C?, i'^^-f •y^'-V^^T-A i (4. a^ y;:^ 

h4^:x7' yT'l 2SrSStT-t5o 

[0 0 3 5 ] a*y>^ h4^1 2(4. ROM6*3j;U'R 

20 y ;^ h 1 2 T-(4. ^*proi^7 7 ^ v^ismm 

IS.' 7 5- 7 y 7 y (fffl t*fc(4ft!i»T7' y -5- 
— >3 vii^7*— i>»9*)(^io*fc(4iiict?a 

'^^Mz.:^-f'y:^<' l>^^7 7^■y^'Eifi&*^y^ 

^m-rs. s*y;^K4. ia*(4. y ;^ M^ii^ifl! i 

3(cS:#ii*tl.S. g.T^y ^ hfe#iai 3 (4, -IKICR 

AM4i^T')i?fi!J$n6;4s k^^y-y ^-^l^lrtSiss ortl- 
.T^y h^SiirtSiil 3ic:(4, «^«#lfiS;Mi^Sr^*66::i: 
;i)ST'#, ■t»lo(4^<^;^ l^y-Al 4-r-fo'3, t ') i 
30 -Q(4:3^yv>t*#l ST'foiJ , 7 ^'iS^K^r'-^' 1 6 

[0 0 3 6 ] 1- y-A 1 4(C(4. ^S«ll^l^-C' 

0(cj;-p-CSE^®?^n6. ^-^t t-Cfi?f?^ffi''i=i- K 
!^)S^*^^5o H8(c::i7^$ti/cll^rol?il-r-f4, 1^ y 

-A 1 4i6S. TE«fl5i-''j; #5„ 
[0 0 3 7 ] 7^^^yy'iy2<i-txvy^3y 

({arfcL^iV^) . (2) ;^dr-yy7-fi'2 0-C20« 
40 8 2 43 J; 05 8 4^:11*0. (3) T^^^yy^ 

ys 5t.vuyi^'Jyi^. (4) >^=^r-r>9'^ v3 st? 

2oro#^^:I:•;/-:;»9 2*3J;a«9 4Srii*n. (5) 

[0 0 3 8 ] l^^tC. matomKXtHt. j:yi?1S«l 
5(c(4. T!E;5s^**t5r i:(c:/£5o -f-Jii?*?, 
• 31 y i^8 4 {4Blgf4fi 1 0 0 iJ^bt^^ 0 . y 8 2 
(4Higfeg 1 0 0;!i^ib*^*5 ; 

•:nyv59 2(41ilgf4:« 4 O;**?.*^*^. 3:yv;9 4(4 

ai^&ei 6 o*>ib*&*5 ; 

50 . Jiyi;'8 4(4 7 0>^=Sf-t >'9'fi^i^0«, 3;yi;'8 2(4 
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■ =^-yi^84mm-=-l^^-l-. ^•>'v=8 4l4{Sf4 = 
+ 1 ^^-ti ; 

^W-f 5 ; 

• 3iy-:?9 2S3J:t;!9 4(±7 o;^*+:^7'(' yfc*ct®0< 

5. 

[0 0 3 9] ±W^<^:5^ b y 1 4*5j;0'3:.;/i?ft# 

8T?i±, mm&m (x) ixdi^+y9'r>-« (y) tj; 

o-c, lift? 8;Js^y^'y y*^Stt5J^-«lll;^iSffl-is 
[0 0 4 0] lasKtt, 7;^*'Pi«H3l9"-^'*s^*n 

■f . Lfc*5o S/T^ y n 3 «fEiiSii5> 1 6 (cufBr 

[0 04 1] Sn^y;^ htSiWasi 3tt, H^v'^-Jr^'v' 

i/-- jri^-^+zn^^-^^yyi^ggaoii. 

yigS2 0(*, ^*yj^hS:9;^^'iSjg«:^ by-Ai;: 

[0 0 4 2] 4f*L.^^^^feff^ffil'*5v^rfi, li^ 
■y— ^vi^-r^n--v^^y yi^g«2 o*«ISlHli!gi: tr 

[0 0 4 3] I213f±, BSv' — 'Iry-y-^'/UU-y^^y 
g^2 0, ^n^^)7. M§«g|i 1 3fcJ;t>'-B#W''<<yy#^ 
yy#^*s#rtffli3o««fiSJSr*-f-iai:-fo5„ wi^-v— ^y 
i/'+yH'V^^ y yi^S^B2 0 coj&a^r-v^ 2 2(4, ^ 
^Slffajsoo (*?fijfl»« ri. 0 ^'^mm\ ic 
43V^TJ:<)l¥iW(-«ft?q-r5) x :x.y-:;f«La^i?=t-yu4 
0 0 (2f:gfl«iaS(o r2. o :i.yV>%m^'J^~t^\ 

^<&4fife*i^3.-/i'5oo rs. 0 r^' 

. ^iSufeifc^*i^:---'i'6 0 0 (* 
^m^n r4. 0 &*Lfe*:t^-:^:x-/uj ^;:Sol/^T 
J;i9PiiffltiKl§q-r5) , Iil5^^fife^i;a--'U-7 0 0 

e^ift^fT) rs. 0 m%-k^=i:'^^~>^\ ^c^i^^T<J:t) 
gg^fflSw re. o mm)^ti=t=jz^~j\'\ ic^si/^riiJ 



[0 044] **aSiljf'^-r-(4-fi#Klt&l?^g|i3 OS: 

ffiffltS^N ±T'iE'<fcJ;9lc^fl^y;^ 

3^ y i^^a ^ -/u 4 0 0 tt, 31 y v> u 3 - KtS-^rtSii 

^•flJWf&0<^^3£B^^■:^^-/^5 0 Ott, u-^/vr^-r 
»3: v=Sj Mi- 5 #fiS ^ w ^- (D B#,^S C: *i (t 5 r r 

20 [0 045 ] Sjj^y^M&ift^SBl 3teJ:t;«±Et?l¥)»BSr 
^Lfcfl!lCOl§iS']|a5 3 2 75S3 8(4, RAMI^-t?Sat5 

5. 

[ 0 0 4 6 1 0 3 ro^tfeJi^aici^T^ $ i^fc*!!,a;^x y T' 

? 1 oco^JSff?Br-(4, ijiTT-iftiy^-ra^ ■;.-ir— 

[0 0 4 7 ] 1 . 0 

iti^^trSli 3 0 014, h y-.i> 1 4 t^h^^^m 

7°7'1'>'2 2rtCDftili7)"&i':i— ^1'4 0 0, 5 0 0, 6 0 
0:|aj;0'7 0 ol::^JS$i^5;< ->-fe— ✓'ic?;*— f y > 
t-6„ L^>*JSff?^-C(4, h y -Al 4(;i, 

40 [0 04 8 ] LOAD_PRIORITY_PROPERTIES : ro#<^l4, 
v^ivri^ r 3 vf~--/i^'i 4 ic P— K^tiS 

vM^W^-t^. ^ft<^gltTSIi3 0 0(±, 

tr-rs. C^^i4. rW7'-;5'Sr^tf;^ y-fe-v'S:7;*~ 
•vyhL, «ia/-?i'7'7-Y V2 2Sr^L-C. te«f^Sr 

0 0 idSg-t w i Id J; o -cilfigr # 5, 

60 [0049] U)AD_FI11J)ATA : r<0^^(4, ^JSLt'- 
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[00 5 0] IjOADJ1EW_EDGES_ANDJIENDER : riD^^ 

OtcSt-o y-:^«!!a*i?:x-/V4 0 Oft, ffLl/^J^y 
-i?(7)r K u-;^ Sr::^ y V- KfeilftS? 3 2 1**^+5. 

[0 0 5 1 ] SET_SCAN LINE_LEhfGffl : Z<D-^-^\i, I'y 
[0 0 5 2] SET_OPACITY_MODE : W^-g-fiS; 

^-jvt h^^-t^) ^\m-r^ t' 1 t-^^s-t y y y\m 

m-Ti). ^•^HffJfPS 0 0(4, ^«^<^<Sr«im-t5i:, 
[00 5 3] 0 0 tt, a^n, ^^Sr-^ y 

[0 0 5 41 2. 0 aiyi^i^ia^i^a-^U 

^-iv^OOnmV^^. E!4Sr#Hgt-r£tT(-Si«-t 

5, x^-t>'9.<'>'roi'^'*'y 

(4, £iTco3 orocnyi^ixn- K«y hiJSffifflBiSgx- 

•t'<-C(4^-C-'b±i'\ rtxibwyxj-tt. :nyJ?ffiai 
5 ^^LOAD_NEW_EDGESJiND_RENDER^^(C J; o 

0 2: Hfiro;^^f-ty7'ry:<i^bli*i^(-a(Snt3iy-:^ 
un- K&^tj>±^-;/-:^y h4 0 4*5J;t;«, '^\±'om 

^^tj-;^ tVl^:x..;/-:^y ;^ h4 0 BT'foa. ^J^yv^U-^ 
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[0 0 5 5 ] rx) mAM.<n:^^^yy^ ya:>^im<n& 
^ (*i}f?lfflST-(iXffiSi:fi;-r5) , (ii) W^M,nz 
o:>:j:.-y-y<Dmi^-Am<:^^^yy-< y<^^ (*B^iM»-C 

ym^trnm-r^i^'^-dihi) , (iii) ^S-^^^+yy 
I' ^-wt T- :i y - KC73 xffi^ (c: ;0P^ $ H 5 fi 
(*Wif«B#-C(4iKi:*!|;-r5) , (iv) '^:^^^yy-< y 

10 ^vmviitw-r?>) . (v) io*fc(iigi:(73S5fe«i 
(P) , (vi) :r.yififi7.^^yy^yt±\^t 
(+) lcX^-r5*»Tl*I# (-) (-SSH-tSJb'Sr^-r^F 
I6j7 7i^ (DiR) , (vii) ]) ?^yp%<m^<r>:i^yi?mii<r> 

r YV-^ (ADD) , 

[0 0 5 6 ] Z.<r>i,'}fi.y it—^v M4, '<^' h/l', M. 

^1.co/'?7^ ti: x.tfDDDX(75iiJp(cJ;oT, rroi 

3.X7'9'C v/jif, V^<o^J»K)^£;ffl5}■»f (±, 6|!gr#t« 
20 ^ (•t-^£*3-fe,DDDDDDX*T?) !JS!g!>fl|c:*5*|r'&!»S*>5,. 
[0 0 5 7 ] |18ro3:s/i?8 443j:0<9 4<73«S|-C'f4, :^ 

yy-r ^2 0T-ro^f)-f£;,i-5::t.;/i;'w=i- K;4^ 

(0 0 5 8 ) :rco!JiP^T:14, uy^/y y^«ia(-J:or 
aifig S ^xo o & 5 -r y 7 -T > t- » o T 11^ 75 ^ e> 

■h--h7.^-^yy-iy^b:^=r-y:f-f>i>m.^-k. Ymmt 
*^-1-5. ^ij/i^y;^ K'(4, ;^-=eyi^T'iiicW(-iag 

3o«y;^h4 0 2, 4 0 4*JJ:L)«4 0 6 W-tne 
ixoi^n- K(4. ?;df.^>'9^y5f^ (X) mmnWcr: 

lafi^ns. :l^^^4. ii^(4, sisu(4> ::^y=mm.^^ 

y^_i?S.^^^^fg|i 3 0 O/O^f.Sitms^-yv'A 

:^)^i?3.-vu4 0 8 icio Ttas^s y- }-;(aa(-± 

(t t^jSi: ^'fi-fcfcfc y - h S:1ffig<b-f 5 r t *s WSg 

40 )p.1il(c^7>•7'^4^S^:^'i:•t:li:lcJ;o•C^b^-y- 

y-:;'Xy3-=Ei^a-;'U4 0 8 14, ^ y-fe-i^*, ffi*4 9 
8Sr^^L•C^■«-1':/7•1':^2 2raT»E»^i:^=-''i'5 0 
0, 6 0 0i3i±U«7 0 0(caitiai-. 
[0 0 5 9 1 3;yi;A:'3*i'="'"'4 0 8 (4, 3 0(Dy 
J^h4 0 2, 4 0 4*5j:t/4 0 6C0-?:n-ett'^«>#R§«: 

-nf3ro#)f-ro^-^^'n(4, T^^^yj-iytfi^mfT)^ 
50 ^rof*, :i^5/>^A:^*-^='»->'i'4 0 8 
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ai-yv'Saa^v^a— /l'4 0 0«til*4 9 8 i: 

5. 

[0 0 6 0] 3iyi?Srat^ffitofc^(c:, lyi^HSf^i? 

(i) gi5>^@t^J!Xofcie?gl-9l^E«XJS^(';!J!l^i^H 
■aft, (ii) ^COi-yv=«rrH/^DX(E, (iii) -t^^ 
•7 vWffLt^DDXfi, (iv) ifLV>|l5>;«5^< J^=^^^ 

[0 0 6 1 ] ^ $ titer h'i':^iz.mj^'^mf£^<omi^i'> 
^aa^^T-Ss. i;^(7)fli«(cfc:; cr, ie:.5irfcn«DDxffi 

V^^^^C:^±, 3i.;/i;Eiiif*-:;3.-/U4 1 0(4, 

-'U4 1 014, ii?rLV^3is'-:;';jsi5'i;'7'-;'W4 i 2iciii*p 4o 

lB^!-i!4 1 6Sr^L-C3:yv^m;^*v?^ 
->'i'4 1 4lc*qf3ii-5, 

[00 6 2] ;^di.:^.V7-l'i'«L'>'5'y l^^^PitfewW 
«3^tti:L-C, :r.yif}Atl^i^::^-/VA 1 4 (4, ®4lC 
^4lil^^^^■cv^)i^^ii^ i^un- K3 2 [*9« y >^ h 
404*5<ta«406 \Z.W&-ti,d^n±^ 
Qioi:x^^<ny^ f yi'^i y ;^ h 4 2 2 ro^ n^ii-^-n 

0m^^-r^. cnfjCD#fs«-enm(4, a^)](42g(io 
y ^ h 4 2 0 *; ^0^4 2 2 imm&timmctamm^ 

^^^5o v^ttis'J^v?^ — /^4 1 4(4, jiyy^iSa^y 50 



i^7"--'i'4 1 2(iii»P$nfc^i^*-rfS^4 1 6 4rS: 
h4 2 OKatt(c:»#jA*iXfc:i^i'i^ (?)5fom4') 1 >) 

/J^^^^xM1iSr=ti-5^^t■' ^-ii^^WSi-So rixj^'^KT- 

$r±j^ yv'y;«,h404ro *Jl(c:i6*Pi-5 r ir *5"C-# ^fe 

fci:^(c(4, ^ro^tyv'ti, *f*L<f4y- h$Hfci!>; 
(DJ^tf/Hs'v'yx h 4 2 2 ^IW-tSfl¥-C, *coP>,f 
^Hyt^y ;^ h 4 2 2(-if A^ttS, ti:;t(4\ 
(4, y7 f- i^air y- h/^-^:^*f£fflL"tjSfi)c1-5:: 

[00 6 3] 31 y v'T'-Zl' 4 1 2 (Cjg^P^ y 

AS, jjcroi^y i^y >^ h4 2 0(c:fr^(c:l:^ji*ti-)t3i 
yi^ (i^htiti) JetiroxmiSSrWL, :Ily•:;7'-/^4 
1 2(cH*ffl?rffi/j;S*;^p y h*s<cv^4&-g-(c:(4. :iiyv' 
m*■=e•:^3■-''^4 1 4(4, :x.yi>-:/-/^4 i 2A>b, Sc 
/hcoxili^frtf S^yi'SrSWL, ■t»:^-yi'Sr*« 
±3:y:^y ;;^h4 2 0»*jl(i:ji3!)Pt, ^ «*[iat?il>c» 
iiyi^y ;^h4 2 0&Ji^1-5o :3iyi?7'-/l'4 1 2 
rt(7), ^«3;y->'(Cj;o-Cii&«>b*l-Cl^fcXPy K4, 

[0 0 6 4 ] 3ly•✓'A;^■^■y'::>^"^^4 0 8 14, zhhS 
■^<DKf} y h 4 0 2 , 4 0 4fc J;04 0 6 iD-f^Xi}^ 

v'^-/W5 0 0 t J^y •:^HtT*v'^-''^4 1 o«iffii;^(i 

iS?>„ ;ny v^H^^^v^^ — ;l'4 1 0(4, ■tW/yt-i' 

^^\m^b. m^mnLx\,^i>-r^xco^mfi^^r-t 

:iL-y:^tiitl'ii>^~'^4 1 4(4, ^yv'7'-;W4 1 Z A> 
bco«i3(7>iyi'i-='- KP:i-t-'<T^, XHi-C'ftcoi^i 
yv^y?^ H 4 0 4(^»tiitJ'o ^©ft, ^COi^yv^y 
;^ h4 2 0*Jj;r>*±^-y-:^ y h 4 0 4'-.»#fiSr, 
y i^A** v';^ -/U 4 0 8 i: y v'ffl;^) ^- v= ^ -/I' 4 1 
4«FBl-t?S«iL, m^wSlfeSr, iJ^wj^f/i-^y^^y;^ 

h4 2 2 t ^^hf/U^iyi^y h 4 0 eidll LXtStT-t 

[0065]3:y-:;U'=.- K«^AB#(-»C ^ tf/''^ ^ 

i^U'n-KSr.^t-y ^ h 4 2 2(r)imS^'-&M-fhZ.h 
*s-c#, vro*m^?fo-p-CS,fiE«^f>'^y 

h4 0 6 i:«^m«Hfr(c: v-hSnty ;^ h4 2 2 
(4, t^<n7.ir^yv-{y(n:x.'j>^=77.9%xr^7-^-^ 



So 

[0 0 6 6j i^iSH^ y-fe-i^iJS, ^df 

[00 6 71 012 Ali, V i^(nm»ii^S imhh?> lo 
m:i:^yi^i&m^i>=-.~/i'4 0 0(c:J:-:>rf^^J<;$ix#5 

Xtt:4r^ffli-5. rnii, »f Li/''3:.;/i;i^=i-K<0^s/ 
i^AK x,<., +x.,.,icJ;oXy-h$ti''j:ima''j:e) 

(4, ^^s'v'ro y- Ht*|iEjb-t5fcfc(::0T'/^(tHi4'/j; 20 

K4 1 8<DNY7-('-/L-KlCD~-K^i'l5o T^'x-f T'' 

(00X7^-/1/ K»li^;l^ib :^y-y/m^ 
COm-tintOt^-t-y h^tiSo Hi 2 AlCTp^iTifcu y 

(01 3 A;c:(iBii-t-2.tap;5&-#ra 

^M-efo S^K-^t-fe y h $ 5, d 7 9 ^'■(i; , I y 30 
fy^';t-7'v':r.^ HurftfflStt, Pfli;fcft»:iigffl-Br 

l61-57-f--'l'Ki{i^?5r^'x^7':tyi? 1^=1-^4 1 8 
«U'</1' (ADDR) ^-f-zUK (Level (Addr)) (Cal^- 

;^/'DDX7 ^-/UK (Seg.AddrCDDX)) f±, *l^>y/^ 

^^K-fe^'pf y ^WDDXi[*»^>3f-Si^^^»ro^^•f 40 

(±, ^Tro-£^ift|| (-f'i*^*,, DDX7^-/uKSri^ 
[0 0 6 8] [gi2A7i^6, toro7="-^'«jit 



(0 0 6 9 ] El 1 2 Bl±, J^y v'^ii*i^3.-^W4 0 0 

3iyi;u3-K4 3 ojsj;TJ«;^tr/i'r^7^ -f -ya^yi^u 
3-K4 3 2lc:J;o-cM®$nS, 13 1 2 B*>e>*3-0>S 
i^f-, l'="-K4 0 2, 4 0 4, 4 0 6 . 4 2 0*5* 

c;!4 2 2tt. fosw^-cui'iS^y i'^^ns^i^yi^fiossc 

DGES_AND_RENDEI«i»<&(;iffi;^^ji*H3tSIZEll(Cl i o r»t 

nta-g-f-li, SIZESrIftSL, O-e/.cv^t&'g-tcifi, 
^,^3lyi7^3'-KwT Kw;^S:p- KL, y>^h402 

[00 70] *f*LV^*JSJg|g-ei4, ^lyi^un-KW 

3.r-<-;^, y7 ^^':x:T'<-;^*fctt^rW*I#-ti:t•r 
[0 0 7 1 ] H8(;^*^tifcil®7 8cO;i.^*:&<)^^uy^^ 
yVi/'Sr, mi 0l:i.7^$ti.fc;^=ir-vy9'1' V3 4, 3 5 

i:t5fc*f'^»&$tl. H 1 2Cf£\,^Lm 1 2 I fft, 
ai:^-J^-y~y-ii^A'\ ::c.yi:fy~/l'4 1 2» U'i^;^*' 4 2 
8, 4 3 0fcj;0!4 3 2W lo^»ibj^ta$tl-So 
[0 0 7 2 1 HI 2C(4, ;^dr+>'7'f>-3 4 (.^'i^m 

»Wv^=ft?)^8 ocog±gi5) cou^-^^y yi^ws^or- 

;^h4 0 2!!)5S-Cfo5ri:(::@S^ixfcv\ iiyy'y 
;x h 4 0 4 45 J; t?)l>ti j'i^y::^h420 w-tix-eHIc 
tt. :tyv7 8 2^3±tJ«8 4tWt*^^5. yj^Hw* 
StfEi-S'l^-l' V*'4 3 4. 4 3 6*3j;t/4 

4 0;is#*n, ^^'^sf-vy^-Y y 3 4«^7Nf 

^^Mctt, *fjS-f5y;^M7)*«Srffi-f-fc»(::i2«S*. 
r;^4'y;^i' (*) (cJ;o-C^^*ix5fiRI^3K'ry^4 5 

ofe^**x5. yy*- y:^ H*ffiffll-5«^(;:f4, yy 

^*5#*H50-C', rroj; ^^PS^TK'fyiS'fi^SlC/^ 

[0 0 7 3 ] ±-cii'<ti ^;^=3r-Y y7-ry«*& 
y V? y h 4 2 0 t ±3: -7 v> y ;^ h 4 0 
4!i53e«|$tL, ffUv^^j/ if^yi^yp^M02 
lcg(t»fetL5. aijroy ;^ Mi^' yr^tL, 4^1'y*' 
co^^x^r'titt. =S-y;^ hcoSl9]c7)^y/<^:4f-rJ;9(--fe 
•>h$Jx5„ ;^:3fi'y7-< y3 5 w*&feT-(4, laattHl 



33 

1 2D(nX 0 (cj'iS. HI 2 D7)>6*3*^5 J: U'=' 
i>>hibA>^i: oic, 2. 9 4 . 8 4 ^SiO^S 2 

r^T^-f 7'3^y:^i'=»- K4 2 8(CP- K^^^^ 3fe 
atyi^y ;^ h 4 0 4isit;s;^ b^/w^i y y ;?i h4 0 6« 
flcWff)ri^r--<-ytt3:-y'Ji'=>~Vti. ^^^^^^^•=>- 
K4 3 0^3it;«4 3 2tc:='fc!--$n5. :i«fiSjT-tt, ;^ 
f/V^^yi^y H4 0 6(i^T?fot), Ut^OSor, 
T'-f J^i^Hfi'fcHttV^ U:3-K4 2 8, 4 3 0*3J;tJ« 

?g^f^i^5^•;'i^tt. ^s'i'S 2(c:Jp|-t£:-rS:^y 
5. ^<OVk. TK-f y*'4 3 4 . 4 3 643j:Ot4 3 8*S, 
10 0 7 5] ^ro^, iy:;'55Sg*S%ff*lx5-Xyi?*S 

MifSn Je-roail(rDX=0?Srap^-t-5:it 

U ;^ b (cco#^T'tt y b 4 0 2 ) rt«?ic« 
S>t)S;^SW-='-K (ii^J^^-C'ttur— K4 2 
8) (CP-K$tu5, rtiSrEl 1 2 F(C/T<-f , 
10 0 7 6] $ttc, HI 2 F;i>e5p;!6?l>''^ iiSO, I' 
v?;^*' 4 2 8.4 3 0*3J;O«4 3 2 WfklWttgJlC i o 

^/".if^lWaiy v'SESg (X=8 5, P = 2) tV^X^tS^ 

8 4 = 8 5- 1 tLT-^^ejti'S. H;)>f5*5?l^5 

l±if^yi^y ;^ ^4 0 2ro5l^a^::g^»l^i^5. 
100 7 7] igi2G-c-i±, Sffiroft/hwxusr^-ra 

tSStSIJ^tlfcJIfcroaiyi^iJS. -^fi"?, L'i?;^^'4 3 0*» 
bSttlSn, (X = 115. P=2) tLT 

^•roffl:JSn:.;/-:;'7"-/i^4 1 2(c:ig*a$ti.S. rro 
Nf, v'7'--'V4 1 2f«W;i'S:l5, Z-Z-ii^f^. S/h 
oxfflSrt-rs^^i'i^jOSiiWStb, ffl:^y^^h4 2 0lc 

[0 0 7 8] HI 2H/0^&t3i()»5J;5(c, ?>:coft'h«3^ 
yv?S^I4, Wi^;^^' 4 2 8 ii^&rotiTJ'C'fc "9, rti^s 
mts^ti'^ ( X = 1 6 0 , P = 1 ) o '^\i'0^y 'y-f- 
y^4 1 2im%^X\.. ^klC/^$^^xi^S*5tiJ;^l y:^ h4 2 
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oid^R^nSo 

[0079] T^^^Vy-iVZ^nl^nX:-, mi2\t^ 
hf^t^'i>^0\^. XliE«/J^§V^|i|BT% :i--y'y-f~)^A\ 
20rt^i6StH;'7y?^ H4 2 0(c:7 75'-'>^$H5. Hi 
2 J /i)^fe*5*^2> J; 9fc, (!fcco±3iyi;y h4 2 0 t± 

v^y h 4 0 4(4, =^ ^^7 -f 3 6 « U^' 

*^y >-i^(c<i;tT, Tf^-i-y^^^m-^^hSZ-X.^X^ 
H 1 2 j/6»fct3A>5<t;5(c. ± 
3^-;/-;^y;5^ h4 0 4(Drt^(-f4. ;=<.df-iry7'i'y3 6± 

-c-iafi^sti, ::*xicj;o-c. iSiirou-y*^ y v^^^^i, 

[0 0 8 0 1 ii*, s&fUv^3iy-:^(4, xfi:e»#iir':>^ 

yC^«!fa*i^3.--'l'4 0 0 Idio-CSlt® 6>n5, «ft 

(a) ^i&r^i^fc^ail^»sfB^«il4 9 8^ctil;/]$i^fca^ 
20 /uy;^f.4 0 6'->(i0y-h*^x5ffiAT-fc'9, J^lS-t-S 

(b) ^9■T?^(:v^:^•a•^c. gg^^sfoSJ'i lb , =t(n>^v 
•:;'f4i-yt^7'-/>4 1 2rtt?ilftff^<t5o 

[00 8 1] i.-;/C;'y-/>4 1 

214, 9;^ ^'ibiB^w^few;^^-^ V7-< vcouy^^y y 
^'■ic(i;tfc)ii;?W§w?i?-C(^y ;^ hoHft^rffli^j-t-s, 

^BIC, :i..;/-:^y-/V4 1 2C0f--l'Xtt, ^^(Dmm-'i 

It t T V ^ V ^ .y-;;^ c 5g ^ f 5 fc to 1 c H -f 5 ^ i ^5 
r-^5„ L/i^U. ^I^(c|±. :ts/v>7'-/w4 1 2;(is, - 

eX-feS. MPS«)''<tE*-C'f4, 3:yv*:/-/U-4 1 2^;g 
iiiSt'^SA^ r^^^4, 3i'ffi-(4, MfrStifc^i 

ffi-ci4, ± T-ifi-^t ^ tvu y ^ h wf^ffl ^r-r 5 c t 

[0082] J^f;vy;^b ^liis^ffl S^^iofiai 

Hi 3 AK^i-o mi 3A-C(±. 30(DffiE«3:-;/ 
i^eO. 6 lt3J;0'6 3*S, ;^=ir--\'>'7'l'i'A*3J;tJ«B 
(OW«tB*)-Wifi:«-effijtC0:n>,i;6 2i:5sS-t-5, &tt> 
;^iifi' >'7-<>-AisJ:y«BO-?:Jt^'mcovv-c^^ 

50 (c^jj^sivsw^fiee 4!ss. y^^<ymmumcn^ J 
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i: LTia??:$nTV^5, :r_.y v;7°-/l'4 1 2:«5 3o(D3:. 

I*, ::«J;9^,«Bage'itT?«, El i 3 Atc:^ SixfcPJt 

10 0 8 3] El 3 Etc, Xdr^V7l'>±«^-;'>'6 

0, 6 i*jj;06 a^w-v-i/y vi^L.fc^»^s'-^^=' 

-Kco*tiEIS:fl^-r. 3^s/i?SSlHtt. S-bSiat-IStT* 

^bJEiyi^'eO. 6 l*5J:t;«6 3W5!if^5*l-y!:XlfiE, G 

4 1 2*sSI#'i:«-C, :tyi7 6 otJffjKi-SII'hroxffl 

ttl;^J3^5'i^y:^^4 2 0^ctt^:^$J^5o 
[0 0 8 4] |gll3C-C(4, !lfei7>Jiy>'3?II^S?8ff§tL 

(3iryi?6 2, x=j) , 5H^lf$^^t^I, r» 

M*f$HfcfflX = Ctt, m;tiy;^h4 2 07l>?>=it;-$ 
tufcS'bSJa«fSX = Ej;«9/h$VM7)t>, S.ffiW^iyv' 

;^f/py;^ h 4 2 2(;lBi^^c:$gii^Si^5o 
[0 0 8 5] iai3D!i, >^^+>7'l'>B(0Mifeffi!pC0 

v^;^*' 4 3 0 (Cn- FU, a;'7v'6 2^, P^tVUT^'f 
^7'3:.-7v'UC;;^^'4 3 21Cn- K-fSo X»3JtK^ 

^, S'hroxffl (x = c) ^^-r5^->-:^6 2is^W\i^ 
ti, ^gfr^ti, 3is/-:;;7'->'W4 1 2(c:d- K$n«io 
[0 0 8 6] ^.yv^WlSfftlEffli, y y h 4 
0 4rtWJ^l9 «3:--;/t'l-'5V>r*BM$^- :^dr^>-9^ 
XCOiSI-iJIC, 3iyi;7'-;V4 1 2:4579 yv-^^ixT. 
lai 3E(OT^$ixfc*ttR(-^^?>. HI 3E;4>f>tt, ^-7 
e^6 0^j:l/^L6 3roJti^m:4S, ^OXdr^ y^-Y VC 

(Dw^-yyvt/rofcfeidiiSJcJii^f^Jtp,*!,, 
[0 0 8 7] ±8a7i>6,?^e>7i>lc/j:5J;5l-, ^^f/i'y^ 

[0 0 8 8] LV^|IJ!g?l?ffi-e(±, :r.-y'J-f-jVA 1 
2!i, 8oromyi;!ix=i-K^^?:fi:-r5-y-WX(c:$tb, 
y h 4 0 4 ioUXJ-A 2 ocof--t'X(4, ^h-iblcMa-T 
S;^tvuy ;^ h 4 0 6*5iOt4 2 2 t-jilc, fJifi^lc:^ 
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[0 0 8 9 ] 3. 0 r^-r-f f-r-fWKf&t/^^a;;* 

-K. ^ily-K*;J;0!^-<'i' + y y-KS:-tti>#<roy 

"KSrdxSo y-yy- Ki±«^-y y-«-#tt-fH 

^'^^■T'b^mM-to ii^. /^-i-f ycov-KI±fe* 
i7?ij-yyy-c^5-(ft-t5. f-yy y-(4^ti^' 

y— Kf*l '3«7'9^f-±i»l'3«^^>'^*' <lfc 
[00 9 0 1 ^co J; 9 /iiSSi-BI-t-aisjtt rf'^ i^^^/k 

20 'r;^— i'K>'g'^ (Compositing Digital Images) J (Po 
rter, T&0!Duff, T, = ^ tT^-*' /9 7 -f y ^ X, Vo 
1. I8N0. 3(1984), 253-2S9'<-i?) (Ci3l/>TSEai* ixT 
V>5„ cnibWPorteri:Duff«^^8SSCroi'^<'3A>S:ia 

1 StCjj^-f. @7S^5^g(--t'5fc»(-, SI ST'Tj^^tl 

!a;i>t>;b;5^6J: r^^6Will^^•^'>v^< o/j> 

(0>ix«, out) m^\-i-s ^f-^) 2 

^(Dir-fy \ <D^^(r) Tf-— /<9 t°y 

L^'^V^ — flxl-, 2fiW;t7'v^:n#' 1^(0 1 Ot,L<ttP) 

(i\ out) i±^;c7=-*' (i^Jx.tt\ fex-*') Sr-e^^^> 

2 flaw;*-/ 3^ ^' FcOl3*:t--'^'9 -y t'X /•^iStcjf #t 
f -5:1^:1; L?5^L^j;;4sp,. 2(iaw;t7'v^3.^' I-W 

i||®T-;4SvN;e,.?'j:6r'-i5'iSr'bc:ixe>2ew;t7''v'3ii' h 

[0 09 1 1 Ell 9*^5i> %mimL'y')- 

40 5. S^Siyy-tt, ^iX-fn:!^9 7^-;/i':tyt^:x^' h 
A. B> C, D*3J:OSPAGES:|Ei6i-2>y-7y-Kl 

0, 9, 7> e&oso-s^rii^a, s^yy- 

(4, 2o«:/9y9'i^^L, ■?:^^€tL^5^®, "out" , 
"in" , "over" *JJ;0 "over" SrsK^J-t y - K 8 , 1 

1.12, fciofi ssr^tfo y X K±«3i-;' y - 
^flSB-f-Sfefero^^roy X ^^Sr^A/-t?v^3„ U;4>L''i 
ijsib, -g-^SISEjis. ^«S^g(cJ;oT^fig$ix5^97 

50 fa@(c*t L y X F * ^se-t 5 i: # (±RgM:4S* i: 



[0 0 9 2] m^. r^T^t'r-^mmRt^^^'iL!&^ 

/UT ^ > 3 VT^-^/l'i^SlS 5 0 2 tt, V'OV 

(±. aay y -«i»cji?s:-cfc9, i"<>'i'r ^'7'-f•^- 
K, SO! y - 7 y - KK>«-* IC*t L-C-oro - Kiis#) 
[0 09 3] ^se>(C, U-'</l'7'i'r^'<-->3>' 

ISifl'i^ttSr L/i^fji^Sf,, 7'9>'?'«T 

10 0 9 4] *L-C. ll*|lH*fffiiai^S2 0B, yTs^ 
5, 3:yi>toa*i^^-/l'4 OOiiU-'^/WT^'r^-S- 
■CI/ ^ smfero ;^ + y ^ :^ roiB^ fitS^r » 
5 0 4tt*&^«B3 4A»e,i"<-'i'ri'7^-i"<-->3>'-r- 40 

:h.ll, y^'f >'W2o«pg?1-5j:^y •✓'wraroBU 

^'^'-rsfcfero^-^y;^ cfostt^^rtco^ 

l-s^ifct-etSo 50 
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[0 0 9 5 ] h^/^— t>■/^&U'^^*fK^ --'i' 5 0 
6 14. iifcic. 'coHir$nfcU"<yi'Ti'r -<-<-•> 3 V 

(1, ^ftLfeft:E*-:^:=.-/^6 0 0(c:Sf$4i-5, 'f>- 

[0 0 9 6 ] *SWJ^rol/^5IiifWlc5feSz:oT. 
(0 0 9 7 ] mi 8 At 1 8 BSr^Si, y-;^;^:/i; 
y-i:LT^$^•LT^^%) ;iiS^T^$n5„ S?K'>'y-(c 
-•co*«:/ 7 v^^rW-tS y ^ - K O P ^! n 

coii^lcr ^'T'^y-efcS i:*'i^i^5. SEI^aiyi^ffj 
1 8Aro2jiia3^tti!J)lTf *S^^^5J;?^J:. 4owri' 

tTi'x-f 7'(LnR). 

^^3 : Lsi-yi^x^ h;i5teg,T'R;<}-7^i^x*^ hdST^' 
T'-f 7' (/LnR), 

^1S4 ; L:^:/-:^^^' MS«^-eR:*-7'v' * htSS^ 
(/(LUR)) „ 

[0 0 9 8 ] :i::t% MJi4(4, (no 

P) ro^^Ti4Sg*S^^5:: tlc^'^So t^ot, *S*it 

rofcfeic, ^)slc(Ln/R)i^fc<Dy" KfSi^sS; 

i,>tt£»^IJ|Ji:«->t, fiats (/LOR) K^SiS* 

Lop Rii^-=t»i^) (ciStJSL 

[0 0 9 9 J rrot!i?qoB6^l»fc*l-. 2 iSillS^ ^St' 
-^ffei/y -KJttt-rs/^ bfi. •?:£0 2iISIS[^(4T^' 

[OlOOl fSliLTi 01 SAtigi 5ro "cvut" s 
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^^•&tt:'<T^-5, "out" i^m^izti^ mmiin/R)iz 

SBL-t. 9tmn^:^i^:^^^ h (&-yyy=f-) r^^^^i' 
(Cr-^'SrlSL-, -tLT, *jiW«i®anR) T'li, « 

foS. #f#io^^tt. 3S,^t;^=^^^■r>'^ti^T^^5li^^ro^' 
"out" SllJ^lcHi, i^^yyy^) 

iS $ 1, N i V ^ 9 #*''.Clt If iJS fo S o 
lO 1 0 1] ^inrnt LT> Ell 8 Aimi 5(D "in" 

?g»^iri*;'<r?:;.5o "in" ?g^^t-tt> mmiomc 

^/jsr^r-f :/-C-fc5i§lc t'lt*i:5. ffi*, "in" 20 
(I^^T-litt, MlsE(/LnR) i: (Ln/R) ic^Pf iihtif- 
^' -7 y - $ 4- ^ ^ i: V ^ 'j 'its SI fo So 
[0 10 2] SUroiS'iJi LT> 01 SAiEll 5 175 "ROU 
r ^%^%:'m.-ti>. "ROUT" iJg^^lCtt, ^«c(/Ln 
R)(::BiLr, (;&:77y^) ^^i^i hiS^gR^^ 

yy-lcSEL. *iiffi*S(LnR)Ttt> ^Sew (fcy^:/ 

*'«r5'y-(-Jg1-1*^»ttKdSfc5o Rtr#««^tt, g?, 

ffi*, "ROUT" iSSS 
^(ctt, ^^an/R)tBSILT:, T«J {M-fyyf) <n 

[0 10 3] 2JSiS^^»^>°7;i— vyy^ terror 
[0 10 4] Ti'r -f t'r-f WISf5:0<^^^pS^v^^- 
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0 2 0T';^$tt5t!*iJ*#M LT|iii5f5-t5„ I12 0f±, El 
-C-*)5*Cii4r:T^-ri:i: r i' y t'y' mWiRU^ 
y :^ h Sr^-r, ^i?3.-^i'5 0 Oli, *-f*<9](-. 
;m?jWl4Srf±, ^■-✓'a.-^us 0 o(c:J;ot:, ^t^i^U 
^) o 1212 0lc:*3^^■tjJ^$^^5^'■!|■r'^i, ■^e-^^-^us 0 

0(±, iBlS««*»b "over" . "in" . *3J;0 "out" 

8fea)i?SCf feiSftitb-CV^S, «IJ;itf, "over" 
ttStt (A n R)=TOUE6»0 (L n /R)=TRUEt L -Cfejrt $ix 

5, -r^tjfe, "over" SJI^lctt, ::tte>««IJ«(-Bi 

"in" S^J¥^COttS«(AnR)=FALSE*»o(Ln/R)=FALSE 

tLTfeiWSixS. -ffii^-h, "in" Jgg-=F(c:(l. 

»rSiJC0fiJ-e(4> "out" ill^-T-ro14W«(/LnR)=TRUE 
;i^o(Ln/R)=FALSE^; LTM^tl-S. Jii±©Ift?^ J: "3 

Bq?>?5^^.jJ; ^Sit(LnR)i7)2«M^^co#^rottW 

•5, ;^^-y df&fj^tt'^^VV ^C)/- Kro 2]ii?!ij^tt, 

tc.^yyy^7i'^r^7-^-fX'h'6t^iic^'-^hMj^n 

[0 106] 0 2 ow^^lllcfc■^^T, lOTWiittoai^pgro 
'ik. T ?=• t r -f *i1»tS: l/'±fi)c* - /I' 5 0 0 (±> 

(D:ff>'^^hCii7^T'f-:fX\ ■^-f'Jz^^Vh, 
^ ^.^X,\JTi-hmr ^ y- -i rfX-h^Z^h^Vm-th. ^ 
-y^-zUS 0 OI4>i-7'v^i bor^-r-f fr ^7)>6. 

SrStS1--5o •t'i*?*), T^'T-f T'/i y-7/'-K;*-7' 

-K mfLM. 13) i::it:gS(-iB-&'$-e-ti^5±X»P' 

-f ■://j:£y7>'f-ttL Active=TRUEt L•r^$i^, l^r 
ify--i-ffi.^'fyy=f-\-i.\^ Active=FALSEi: LX^^^tl. 
r if'r^-:ffi.-^-fyv=}-\%^ Active='reUEt LX*^5 
tu, 7-^^tiii^-fy Vf-ttR Actlve=FALSEi: LT 

1212 oco{sj(ciav''-c. •=&e^3.— /i^s 0 ottiil 
10107] (i) /<i'-:f-y y-Ki 3wfe;&7'7yf^ 

llT:J^'r^ T'r-foS (-t-^iSi^-lb, LActive=TRUE, tI'OR 
Active=TOUE) < (ii) ^<'l'-?- y ^ - K 1 2 t? > 

5 (fi'j^t'^b. L Active=FALSE, *>OR Active=TRU 
E) > (iii) /U-f-^) /— V\ l(0:^^-/yy=f-\-i^7 
^y--<y'X'h^ {-f-^it^h. L Active=FALSE. tI^oR Ac 
tive=FALSE), (iv) 'J y ~ h'8X. ^-^yV^ 
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{-rfit>-h, L Active=TRUE. A^oR Active=FALSE) . 

[0 10 8] r.K>iftp;^roi&t)rofcfci-s *p^*B*"C*(±-> 
y.K/PM. 1 U RUM. ^ich^fi^<'i-r') wm'^n^ 

WAND, OR, NOTiLTfflV^So 
[0 10 9] iSkt, Ti'-r-f l^-r-<*ij»f&0'^^t^* 
i^a-zi'SO Oli, a,^E^*^r>$4^fcK^&E«^''"' 

[0 110] ::rr', *i^a-/u5 0 0(4, WTro^ff 

(1) ifedT'i^r'e.tifc/^'f-^-y /-KfcBILT, (Lac 
tive m. R active) I | ((Ln/R)&& L active && !R act 
ive) =TRUET-fc.5^^(4, 3fe(C:/j;^b*Lfc'<-<-^y 2" 

5) , 

(2) ^felCT-i^ibnfc^W-f yy-Ft-MLT. (Lac 
tive && R active) ||(/LnR)&& !L active && R activ 
e) ==TRUE(75«^, >k.Kti:^ h^t-y^-i ^) y - ¥<r>^ 

[0 111] z.<nf^^y) {Vyy^-:^) tW\^m<r>^. 
T^T^^ fr- 0 0t4. 

[0 112] 1112 0cofi3Jic*;i,>T, r ^-r -f f'T^-rWir 
S.U'#^4)*^i^^-''^5 0 0(4, /i^— hz-Ki 3A> 
P>-tWh7^<>-;^SrTO-r5= /w- - h y - K 1 3 (Dfe;e 

0 0(4 "over" iHg^^^^^fSr^fig-tS. ISlCaSt?, ^ 

i;'a-;i'5 0 0(4, /W-^-y y-Kl 2i:^<'l'-ty 
K0~5S:!i:-t'S. ^i^a — /U5 0 0/OS±*>e>T'^« 
A^ib*'-<tl/vp*^-C!i^5WC, S«0(::/'!^'-*-y 
Fl 2i65?*£^C>lxS. Xro/^'f-^-y y-Kl 2-^(4, 40 
^'-^-y 1 2«fey7>'f--!)S^ri''r^7'-Cfo5»-C, * 
'J^-/VbO 0(4 "over" SISSr^tKU/iV^ I^US* 
-e, ^-:^^-yi'5 0 0{4fey7^f-t?fo5/M-tyy- 
Kl l^rJiJ-efjifeV^. LA>L!tei6S6, y / - K 1 

2<73*7'7>'^*S7'i'r-f :/-Cfci9, y y-Kl 

2<n&-fyyf-ii^f^ri^7-^-f-Qlh'0, "over" JSSf' 
(cMLT(/LnR)=TRUE-C'fo5«-t?, ^■v'ii.-/W5 0 0 (4 

^^■<-ty«/- K8&?'.fi-€5„ r.o/^-r-t-y /- K8t? 

(4, •?:W*7'yy^;4S^T^"r'f -/-efoSfc*, 

-^W5 0 0(4 "out" i§^m4:*^L!it\ ISlCaST-, 50 
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f^^os^r ^' X ^ T-T-fo 0 , "out" ?»»^(cMf 5 (Ln/ 

R)=TRUE^5)5)(;Sz:-f Sro-C, *vJ3.-;l'5 0 Of4y-7y 
-KT^^i^'So y-7y-K7T-(4, *v^^-/U50 
0;4sy-7ft^^Ct*)*-r«><, !!>:l-, y-7y-K0 
-5^rJi^'5ti6(-, ■=E-i>p.-/L'5 0 0(4/1^- V y~ K 

i3(r:M5o y-7y-Ko-5r'(4, ■^i^^-zi'S 0 

OiOSy-7{|t^-^ "PAGE" Sr4)S-f5. El 1 gin 2 0 
Sritlft-rsfc, •tv'rL— ;u 5 0 0;is, x^f v^ixfcil 

^:Lt, ^i?=--;l'5 0 0 (4, JJcWpegLXV^Sa^yi^ 
+ >'$nfcW^e;grojikroi'/u--/rofc«)(c 

[0 1 1 3 1 hfT^^^lM&O!^'^**^^^^- 

ooro^-iasroiit^Jiiov^f, i2i5S:#figL.X3Ei-P 
*B(c|ftK-r5. 

[0 114] iiSLfciplc:. 

y7^-://l'4^gl5 5 0 2(4U'</l'r:?5^-f Vai'T 
-■//I'^r^fia-t-S, 112 1 SriV.5i:, ■eroJ;5':eifiK^ 

V^5, r»!|#:troLevel Activation Table(4l21 1 9 "C* 

$ti5«m-;'y-toy=T7'f x^ixti^^^si-. m 

2 1 CO w-< /I'T ^' 7^ -f 3 :^/K4, ss,^' y 

"Index", "L Active" , "R Active" , "(LH/ 
R)" , "(/LOR)" , "Leaf/Operator Entry" , "Node 
Active" , "Parent" , "Node is L" , "Generate 
L" , "Generate R" , "(LRR) op used" , ioj;?^ "R 
Branch Index" "Index" , "(LD/R)" , 

"(/LDR)" , "Leaf /Operator Entry" , "Parent", 
"Node is L" , tJitC "R Branch Index" (Oy 4 

■ fr^^t-t-5t»-c(4/'£v^«-e, I^w-C'fo5„ - 

ij. "L Active" , "R Active" , "Node Active" , 
"Generate L" , "Generate R" , 4=3 J; tf "(LflR) bp 
used" 9 7^->'l'Kroi^§(4, S,Se;^ -t V^Hfc 

K(4, mm u-Cl/^S3^•y-:^<0MroiSig^S^:ew'&^!^^^"7" 

a-/u5 0 4(cJ;o-cry:/7'- 
[0115] "Index" 7 -f -/I' K (4iS«0/j: U =" - K i: 

1 9C0/ — Kl 2(c:SitJS;-t-5l'=J— K(4, "Inde 
x" 7^-/wMSl 2(c:^^Six5. "Parent" 7^- 
K(4 U-^ - Kt Mii-t5 > - h'<r>m^- KWM^-^ 
y^*^^■C^^5, 0ilx(4, Hi 9W/- K l 2(c*ffS-r 



fit^h. y- Kl 2(»a/- Ptt/- Kl 3 ffcSc 
"R branch Index" ^-f-/!' h' (D U ~ KtcMS-t" 

8liS^^5tLfc "R branch Index" 
y-K(i/- K8-t?fc5. "Node is L" 7^-/Uh' 

Ktt. TRUEdXC-fey h^ixfc "Node is L" ^^-/UK 

^yf^SriiL-CMZ-Kl 3(c:.s;bT*s-3-CV>5o "Le 
af/Operator Entry" 7vf-/UKtt, ^WU^- KIC Bl 

^•:>-y / - K 1 2fc:*H!{;:l-5 1^=- KI4. •S-figSI^^ 
"over" (::-tr y ^$t^'/c "Leaf /Operator Entry" 7 -f 

-K7t-:Mf£;-t-5^ = -Ktt, ^tT'v^i^'b "C" 

S/ h^Mz. "Leaf /Operator Entry" 7 -f --'U KSr^-t" 

5o z<Diof,'LXs amy y "Wisis*^^i-ss-t 

[0 116] "L Active" 7-C-/WKt4> ^4;^=^-^^ 

}^0f)^^-^\^irWimv ^-ivYx-h^. rSHtl-> "R Acti 
ve" y-f-zi'Ktt, aa^='r^>'$tl--CV>5iS^«#'/P 

^i#ftL?'j:v^co■c^ /^-f-^-y 1^=1- K»-r'<-cco "l Ac 

tive" ^ "R Active" 7 ^ -^W M'FALSE (0) li* y h $ 
tl5. fcfc'L, /W— hy— Kro "R Active" /UK 

y-Kl Sl-JPttril-ai^^- KW "R Active" ^^-zU 
KliTRUE(I)(;i^£$ix5, y-Kl 3W^7'9>'^iJS 

A>e>-efc5= y-7y"KliV^iO^/j:5 7'9>'f-'b 40 

■^^m^<r>-C, *f)ef5^=i-K(c:*J(t5 "L Active" 
t "R Active" 7^'-/wKSriSSi-S<e:>®iiS'i:v\ 
[0 11 71 "(Ln/R)" ^^-/H^-fi, rwM«an/ 

R) ii^ibwr^- 5';4S^^7 y -l-J!l^ix5£'^dSfc?>!ii»f 

"tt-^^^^-tWsMy ^-/^vx'hi), nmz.. "(/Ln 
R)" y-f-^u-Kli, r(7)^^(/LnR)iii>P>«x-^';4sa 

w^ttT-feSo Wx-tt'. 01 90y-Kl 2(;i*fft1-5 
U='-K(4, "over" liKS^ixt "Leaf/Operator En 50 



try" Srlr-r5„ Sfc. (/LOR) t (Ln/R) (O^lgcCOi^;^ 

75> lb «r ~ ^' 7 y - (- igt $ fii-S fo 5 cor-, true 
(l)l::^Ai^^^^tM®-t■5 7^-/^ K "(/LOR)" t "(L 
n/R)" sijro^sjT'tt, ili9<oy-Ki i (c 

m-r5l-=-K(4s "in" lC^;t$tbfc "Leaf/Opera 
tor Entry" ^^-fSo (/LHR) t (L n/R) A> 

t.TOx-*' iisy y-ldjS^ ti,«,.£.i?;4S/j:v>co-C% FALSE 
(0)tilI9:g$^^fcMJi•^5 7-f--'^ K "(/lor)" t "(L 
n/R)" Sr#i-5, ::<^6,ro7^■-/^K^4'W■^-y y- 

y- Kl::*|-*5t-5i'=- KI-oi/>x«c:nP3W7-f-zv 

I 0 1 1 8 1 EtTW#:f*, 
an/R S& L active 4& !R active) 
II 

(L active && R active) 
II 

(/LRR £& !L active M R active) 
==TRUE 

Sr^S-fS ^^(^, "Node Active" 7 -/U K(4. TRU 
E( 1 ) IClia^ $ H> I^COWl't (C (4FALSE (0) (d IS^ * o 

[0119] lai 9rvT^$tv5/V:i-y y- K 

8> 1 1> RXJl 2 CO "Node Active" 7-f-/l'Ki4< 

|)]S8fb*aa©pgcow, FALSE(o)(cK::s$^x5, -t-^rco 

nitir6 7'7y'f-il ActivetR Active) *s <^ r -C 7" 

(■ff^ibib, FALSE) fe';i>(b-efo5. i9Jffl{fc*aa©P&ro 

^, la 1 9 W/^'f-^y y - Kl 3»ttoro "Node Activ 
e" 7^"/l'KttTRUE(l)(C-fes' h$tL?>„ 
^ii^r^'T- -f T'ffol? (R Active=TRUE) , 
y=f-f^^T ^7- ^^XM (L Active=FALSE) . -frCOffi 
"over" WfS^K'£.gX'fo5;i^6-t-fo5o ^ 

«7^--/i' K^5/<^-f y y- K (■ti'j;t't>< -^figJ^t) 

Wfc*rocnP>7-<-/uKSrffi:^-t-2)£-M/5^'*^V^r tie . 
iSE-f'^t TfcSo l'^'- K« "Node Active" 7^ — 
/vKtt, 3*f£:-t?.2JS;S^«sri'r^'7'-C&5;«^ii'9 

[0120] "Generate L" 7 —iV K(4, tATO* 

(LH/R &6 L active && !R active) 
II 

(L active Si R active) 
==TRUE 

SrfSfc-t-S^f-TRUEd) (iKS § n , * 5 T-/^ V ^^^{c:F 
ALSE(O) 53197 -f -/u KffoS, 

[01 2 1 ] 01 9»i-'<xro/-5'f-^-y y-K 

13. 12. 1 \ "(Jenerate L" 7^-;VK 

(4, ^)]»)ft*aa©i®wrHi. FALSE(o)tias$tb?.„ :ico 
^fit^^s r ^^ b « y - K«v ^ -f til- J; o T t, ^ ti/ii/ ^ 
i!i>e,-c-fc2)o -t-'ic^*., y-K8. 11. i2ar/i3 



(24) 

45 

(nl^Zfyyf-t^-t^Xi^r^^ 7-'<-f, t^i^hl Active 

= FALSE (OffoSo *fc< zny -1 -ji'V'^'>^<^-f- 'J 

[0 12 21 "Generate R" ^W' — /I'Ktt, JJ^ 

(L active && Ractive) 
II 

(/LP R St !L active R active) 10 
= =TRUE 

tmit^n^ t #(c:true(i) im^^ ^ 9 -p/^v^a 

^(C ttFALSE (0) $ ifeiS7 ^ -/^ K ffc 5, 

10 12 3] m^ii. mm{tii&mmm(om. ±ia*fw 

oT<b?Sfc$n/j:t^ro-C, ri^?>w>'"K(c*l•■t5 "Ge 

nerate R" 7 -f KttFALSE(O) (c:K3£Sit 5. Mx. 

1 2ro:&7'7>'f-ttt-'<t*r 
^7-'(^. -tJiJ^ijR Active=FALSE(0)T-fo5, U75> L 
?'£*Sib> /^^-ty y-Kl 3«;&ro7'7V^!6Sri'r-f 20 
7'-Cfo5(0-e, /^V-^y /— Kl 3ro "Generate R" 7 

T'^^f-ii^r^'f-.i'T'ic-fe -7 b^tts (/LnR)=n!UEt? 
fcS, *fc^ -(30 7^-;^K/ilS^<•Y:^y Kj^:(t (-t 

fSf 5. 1- =■ - K it ^ C n b » 7 -f -/v K ^Kiei- 5 

[0 12 4] "(LOR) op used" 7-f— /I'Ktt, eiT<7) 

(L active && Ractive) ==TRUR 30 
tmit-^^^ i:#lCTRUE(l)iCiS:-£$;n-, ftil««^(-liF 
ALSE(0)(C:S::t$^5iraa:7'C-/U KT'fo5» 
[0 12 5] fiJXLli'. |f)»ift«!;am»l»l, Ell 9W/< 

«T\ -f '^-c y y- Kii*)"fsr»7-f-/i'K 

ttFALSE(0)iC^^^5;n.?), 

[0 12 6] )>cic, 132 2«r#R81-5i:. I'^/UTtJ'r 
^/<— v-a i^f-— .7'/K73BftjiE«7^'— -'I'K. "Node Act 
ive" , "Generate L" , "Generate R" , *3j;tJ« " (L 
nR)op used" «rKS1-Sfcfero|&aiaiiS;4S*$tlTl/^ 40 

[0 12 7] m^. lasic^o-c. i"<;urrf'f ^'<- 

Vy—-^ ivaE.tSi.=^'J=.-iVZ 0 2l4tJIffl<k4aaS|!g 
y 3 4 lC*&S^-t-5. IS»f^i^^-''l'5 0 4 

r-i--<'-Vg >-7'-7'/i'S:Si#fC. •?:ror--//K?57 50 
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) 0 2 - 5 6 



-f-zuK^-M^-tSo Sff*i^3.-/U5 0 414, 

-f— yU K "L. Active" , "R Active" , "Node Activ 
e" , "GenerateL" , "Generate R" , #3j;0! "(LOR) 
op used" (M>m^m.7L-ii . Mif-ty^::.-/l'5 0 4(4, 

@f^co;^)*T'^=>- K4rS#ft5„ ^(oMSrli. -trow 
^{figt-feV'-TT^r 'f y7',c;j-7'v'3:i' h tCjttlE-rs y 
-7y- K»ay- KWU-^J- KA^Pj/i&J6 5„ U^i- K 
(C*5(t5 "Node Active" 7 ^ -/I' K«^^ffi&^;t 2> <!; 
$(C(±, "Node is L" 7^-/UKC0t(tffi(CfifefftT, 
}E*f*v':x— /U5 0 4ttay- KtOW'^— Kl-*3(t5 
"L active" ^VS4 "R active" 7 -/I' K<Ol^ffil-*3 
ItS^SESrfltigCf, -tLT, r(73Ji?rfc(c^;te>nfc 
"L Active" ^V^tt "R Active" 7-f— Kl-tt-aX, 
Hl&r*i?3.-;»i'5 0 4(4slSy'-Kfl5U=- Kro«(9W7 
^-yi'K«rSSff't-5. :i«]l5«f7'Pi2;;^f±, "Node Act 
ive" 7-f-/PMSS*5ib-ri-«5 
i!8®c-f5o loe^±(Or^7'-Y>':t7'e^3i^' hiSfoSi: 
H*f*-:^3.-/H*-JSl-loroT*'7^7':t7'i;i 

[0 12 8 ] !!j^-=E-v'3.-/W5 0 4K)H*r:/p-fei^(c:o 
V>-C, 13 2 3*r#RaL.tlttBqi-5„ 112 3(4, 112 QIC 

7PLtz:i-y'i'=ii^ hcijsr ify^^T'ffcs^ayy-ro 
fc*roSfr $tifci"<''i'r ^7'-r'<— >3 >'7— t'-'I'S: 
7i^-t„ 5[«T*i^a-''^5 0 4(4, 

•So Mfr^ v=--^-/i'5 0 4 (4, y-7y-Kcroi'3- 

K« "Parent" 7 -/k K?5>fb, T 'P 7- ■:f 'y ^ 
hcro^y - KSrgt£i-?)„ M|It* i^:x-/K4, 

iifes. cn(4, ;f7v';.: ^ i-croiiay- FJ;i3i»te$ 

tL5 (1^=- K8) . 
[0 129] -ay-K K8) CO "L Active" 

7^-;uK*Sai:£$tu5: 

-::4x(4!^=)— K8lC*5(t5 "Generate L" y^—l^V 
-1x3— K8(D "Node Active" y ^~-l\^Vt^Wt.'&^^ 

6; 

-iiy-K (U'^-Kl 2) "R active" 7-<--'UK 

-riXttn=<-Kl 2(c:*5ft5 "Generate R" 7^-/U 

-U=i— K12« "Node Active" V ^—)V\?t^Wt.'&^ 

-ay-K (U-=— Kl 3) « "L Active" 7^-/UK 

-rJvfiU'^- Kl 3tti|-}-5 "Generate L" i: "LOR 
op used" 7 ^ -/u K iSr T -y— -r 5 ; 
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-U=i-Kl 3(C*51t5 "Node Active" 7^~l\^Yif' * tifc ^--^/l^r ^' T ^ > 3 VT-T'yl'/ilSWf^tl'So 

[0130] -«a#^T\ 7'-7'/Hi#^^^Wfc*!>W v>V-<-Xi75P#-y hX'foO. am-^^y-Srh^T-^^ 

[0 13 1] msdM^i, Sfr^i>:--^W5 0 4(iafiE T-T'/Hctitrpr^^SrftiS.-rSo 
;^df-^>$;}xTl/^5iI*feg»y/U— '(^ "R branchlndex" Wi^ftffl Stl-?! „ W 

-f-/i'St;«^<^4fiic^-:^^-^i'5 0 6(::J:oT. !E»f** 10132] 
IF Node is operation (/-K***?^?^) 
THEN 

IF U1R op used flag Is set ( "LnRopused" VviftiVz.^y 
THEN 

add operation to instruction list <i5l^*^<& 'J ;^ H Cliin) 
ENDIF 

IF Generate R flag Is set ( "Generate R" 7 7 ^flfi^z. v V^m 
Push R branch index on the stack y ^ORy9>^-f ^t'-;^ 
X&Push) 
ENDIF 

IF Generate L flag is sat ( "Generate L" 77i^/ft«-fe5/ htSSS) 
Process next entry (;*c©x> N iJ'v>i8iatJi{65) 

ENDIF 
ELSE(NodelsaleaD 

Add leaf value instmction to Instruction list (U-7<a[*^«<&<^U X hic 
ilJD) 
ENDIF 

IF stack is empty i.T.f' yfifi^) 
THEN 

STOP 
ELSE 

Pop index off stacK ^7^^v^t^^<yfvi>'7^^'t^-'J'f) 
Process the entry (XVhU^Saa) 
ENDIF 



[0 13 31 ^-^^■•;'3.-;v5 0 6W h7/<-;^i:#^ 

T^-T'/u^^i". ±iawcpffi=i-Ktia2 3K>i"</i'r « 

[0134] (i) «Lai± 1^=1-^*1 3 
K) J:i?^i&f5: 

(ii) 1^=1— Kl 3K> "LHR op used" 7^— -'I'KASTR 
UE(1) /i«r\ "over" ^^iiS^^i;;^ H-SPX.e>tt 

5; 

(iii) Un-Kl 3 CO "Generate R" 7 ^ —/W K/J'TR 
UE(l)jfcro-C'> Kl 3« "R Branch Index" COrt 



(5) 

(iv) U'=.-K1 3C0 "Generate L" 7 ^ -yU K^^TRUE 

(Dr-fcacoT-, jiaaiii-^-Ki 2(c:ittf; 

(v) U=i— Kl 2W "LOR op used" 7 — /l^ K^>FAL 
SE(0)t?fo5i75t?, 't''7j>;iS#<^t*Dx.b^7'^v^; 

(vi) 1^3-Kl 2ro "Generate R" y ^-iVYt^M 
ECDT'fcSror*, 1^="— K 1 2W "R Branch Index" CO 

^ro^^T, ^vfv^T. (8. 5) 

(vii) Kl 2 tC> "Generate L" 7 ^— yVK^SPA 

LSE(o)-efei9, ^coM*, *0!a(ifeW^*>5; 
(viii) ;^i5'y^;4S^t?ll!iv^wt?, -i -y^ 'j 7. 
7.9v'7t-^i:>i(.'j-fi:^X. *!tai* I" >T y ^' ^ 8 tc^ 
18:1-5 1' =>"K--^«)i-5o ^<r)^^. rro^^r-, 
^'yi'ii'f i^T's'i'^ (5) SrI&ifftf 2.^tl-*5; 



(ix) 1^3- K 8 (75 "in R op used" 7 -f - /I' KiJ^FALS 

(x) 1x3- K 8 CO "Generate R" 7 ^—IV K^^i^FALSE 
7^9y^\-t. -(Df^&V-OTyi'^ (5) Sr1&^ 

(xi) U='— K807-f--'l' K "Generate L" ^O^truE 

K7ic;^t!i-r5; 

(xii) U-="-K7/»5 !J-71?fo5«T?. y-7fIA^ 10 

(xiii) yi';SS^-e/^l/^rot?, -I'^'xy ^'TiSjiS;^ 

[0 13 5] C(75tfiJtC*5l,^rifi)t$iXt*^!iiS|12 Olr 

[0 13 6] z<nXy\cLX. h7y<-'t/i-Rx/^'^± 
)$*-::;':i-/i'5 0 6i4, fo6>(^>5 loiiiimr^'T^'f 

5„ - 

[0 13 7] r^7--<\iT'f¥M&n^^±f$.^if:^- 

^ W % 5^ Cfcfelc, -"iyUT -7 

[0 13 8] Jk(cl212 5 5r#ffi-r5i;, ^ w J: 5 'j;afejg 

rV'So ri»r--//H4, aoW^^-zl'K "L obscur 
es R a(4R«rlS-r) " ^: "R obscures L (RliLSrl, 
ir) " ;6SJjDtooTV^5i:V>') ^<*I»V>X, m2 L(r>U-< 

mij(n-:i-:fi> VlfiTi^T- -fX'h 5 1 # 

h^5:^»;t7'i>»i' HSrlSi-A>if9!5»Sr/iPl-o 
|53^iHc, 7-f-/uK "RtiL^fSSI-" feSfea^-f-zuK-C 

Tl^SrS^+o "Generate R" « "LnR op used" &t/ "Ge 
nerate L" 7 -f -/U Ktc:^* tl57^-*"t>. ia2 1(75ix 

<„ obscurance7 5i^(4'Fig?^'5C:i-:^->':^i' htig?^/^: 
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[0139] 1112 4(::(±. efeig$tl/■c^'</^T^'■r^•-< 
— -ya ^'X— 7VUW7 h\ "Node Active" > "G 
nerate L" , "Generate R" , HX-Xf- "(LHR) op use 

L-C "Node Active" «sfea;iS^^t; UT*5 0 , ^WB^^. 

-^tt. w\\:wm.^^mv-xmi^fii*-^'y::^^ 

Vni; y -y fV^^rnlffiili-S, obscurance7 ^ -/U- K 

j^^c:iD^^•r^J*$i^^^^^ CLIP 0UT«^m»" 

[0 140] 0:ixe>(»obscurance7-<-/U K(4. 1212 5 
(DLevel Activation Table(C^Sih-6 <t •? IC, CLIP IN 
iijf^fcCLIP 0Ur»ji'pS:*!^-r5«(-fflv^blxT'bJ:i'\ 
aiPiNtCLiP ourfij'^rofc fe(7>7 -/u- K!a:;ef4iia 2 5 

(7)Table(C^$iT,ri/^5o 
[0 1 4 1 ] aiP INfjf^fc^i^/JinSlf^tWPplroSV^ 

fi, S:/7>'^i^lf^*s*L■c*^T^i^''^v^i:v^5rtr 

fo5. 112 6(c:>P§tt5INi(jf^«SafflSi:ia2 7i;i^ 
S^SCLIP imV^<r>tMmt(r>)mi)^h^k\.i%h 

§^^TV^5, CLIP IN(7)#^r'l4. *r?i-:/i>3^^ 

ScoT's 1i.<n7!r:f'yx.^ Vkim'O'^hinh^'y'yX'h 
5„ ;&;t^v^x^ M±ffif:«#< w:^7'i^^^ h 

ii-fi^:x.^ h(7)T^T--1- K-T-^^Kfiltt, ±TCLIP INfjj 

iJ- y •y7';iiSiiffl$rt,St'<X«v-'</K->Pl-r5* 

V\mW.th<Dt\.X±lim-t-f'^:r.^ hCO^^-T 

[0 1 4 2 ] aiP OUTSbj'^i:W''.eoutij{^i:«Mroii 
^^^±, 02 8tC7ri^5ix50UTil!if'^«lCafflaJrl212 9 

ics^^nsaip iNi(im-M-t5Eaffl:«i:«tbii;4»f> 

«^g^/!iS**p-Cfc?)Ci:. R<75^ii^*s**PX'fe5C 
tSr^-r. S^^w^l:x^^5/l<y^' 
^nXV^So aiP OUT«;S^XH, h«T 
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COX', fei^yv'i^' hliW^l ®6ti-2)i-s'v=T'fo5„ CL 

[01431 LfcT X ^' fx ^ WKf&t;'^^*.^ 
^i;':i-/U5 0 0(4, isms' y-lc:S'i<, Li4^Lnc;*s 
f>, ^i^^-zl'S 0 0I7>*H(4DAG s 
S : Directed Adjacency Graphs) (C— iK'ttS » 

I'y^'SrtgW-f-srttcioT, ^i^a-zUSOOWH 

i^x^ htcj; oT^' y 

[0 14 4] MlcgilroSJfeff^ffitt, K, -t-'.t*? 

u y ^ y y ^ ^ i ^)5K-t 5 y - K Sr#*&i- 5 

U-i/ur -l'-<"->3 :^7=-"7'/K:1 "Page" 7 -/W 
K&»ll^5 ' tiCi-oXW^^rtfl^S (R is PAGE) o 
^ « - r - ^' ^ S ^ -C V ^ S r r ^ y ''.t y - K ^ 
W^-f-SfcfeWT^-T'/i'^:-:^ h yx— 1 t'y l-X-1f 
tttSfcfclC, C(75 "Page" "Generate 
L" 7 ^-/I'KtiSrANDL-T'b J;v\ |»i&y-KttCix6 

5=-^!Jx#5, rixtiy y-«W(-fo5, «if^Sr»«tL7i: 
1/ ^ y - K l:: Bi L -C y y - * /i: ^ 5 C i »;i J; 5 y 

[0145] l2130S:^5i:, y ^'^'StL 

®^«lftSa5'y-3 0 0*s*$ix-CV>5. to7b»5J;9 
(d, y- K3 0 2, 3 0 4, 3 0 6, ieXX!-ZQ^\%^ 

(R$;h-, rit^jWy— K<7?&*« "Page" V -i—lVYifi 
TOUE(l)(c:-fey f-SnS, "Page" 7-f-/WKttlRl 
C/— Kro "GenerateL" 7 — K t WAND-CfcoT t 
rex, GenerateL" ^-f-ZWh'tt, '^-^ J^tT* . 

^-yy-cD^JIC^JL^X, /— K302, 306, ^^XI 
3 0 SliT^'r-f :/'XfooX. K3 0 4 tt^Ti'f^ 

(r, Ti'ri' - K3 0 2, 3 0 6, io J;0!3 0 8 
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ro^rti-b«-y-7'"'y y-fc"(t;(i5***6ti.Sie;-®;i>foSo 
9 LX, 7 y-W hy/^— •y-/^^ft'J^^^t"5, Jil.±, *f 

iJ^-zuS 0 0«r«miElBgi LXSftP^Ufc^s, *^h7- 

^ L X ^ - -rid E 6, ix# 5 3 y f 3. - y B / 7 A ®} fn 

[0 14 61 4. 0 ^i&Lfe«<tS=E-->'a-/U 
jSI«LfeSt^*i^:>---'l'6 0 0»»jf^*, l2l65r#!i§L 

■=ti?3.-/U5.0 0*»e>iiO»1I>yfe-i?5 9 8(i, ^8* 

Nfifi: ;«< y -fe - , » iNf 0 ^ y -fe - i O* ^ ^ 
7'l'>'«iiil't)>y-b-i^Sr^i^^, *-f. 
y7'S.0fftlJffll^-:^=.-/l'6 0 4(rjS$«x5o S«L/l'y 

i'ry7'autW*-:^3.-/u6 0 4(4, ajSL,fe^;6^ 
20 i;=-/i/6 ooro$*^?*i'j:flt^^^t-J;5ffifflrofc»6 
Id, mtrxfilt* 6 1 4:fcJ;t;«StTYti:e*i>v 
^'6 1 6Sr*6j^-t5o 
[0 147] 

0 414, iatTXffiS*^'>'i?6 1 4%0;dy-ty h L. 

•yy7-<>-«Jil-'3 / y-fe--^l4, ^wft, H^'g-BK^y' 
^-/i-? 0 OldSE^^S. 

[0148] ^fttr-#'iS:£y -/-fe-v'^SitJOJo/c 

4(4, ^mL7-c5'7^-7'/l-3 6COm^$ixfc{SS6 0 

[0149] y-fe-v'-l:^(tffi?ofci:#(d(4, ^ 

SL/Vy^ Ty7'fc-J;t>'SiJf^*i^3.-/i'6 0 4(4, K« 
>y-fe--:;?*>b«/!7i'^hfc'(tmtTX tea 6 1 

4^'fy;? y^yhi-5, sm^ y-fe-i^i4, ^-wf^, 

Pii^#fi)t*-^:a-/U7 0 0 (d®$^^5. 
[0 1501 y-tr-v'Sr§:(tStoti:#ld 
(4, liit L y ^ T y y'S t/ftij^* i^* - yl' 6 0 4 (4. 
40 ■^(49mfi'Xfi:g*^>>'*^6 14*1':^^ yT'^'hL, 

-yi'? 0 0 (djS^ns. 

[01511 SitLffiatliffc^ y-b-i?SrS(tI&ofci: 
# (dl4, ^?&L/Uy ^ r y 6 0 4 

(4, Tsarosaa^^tfftf^ifci^ffi-s. 

[0152] (i) ^mLiSitMBffi;'<yi:-i^*-e>»^ 
mL^'-f-Z^rfiefflLX. 7^->'-'U3 6<7?U=r-K-y--l'X 
Srig«i-S, (ii) ^«tLffi5t»Rffi>yfe— 

50 XSrffifflLX, ^mLf'-;?f'-7';u3 6 75»?,u=— K 
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(iii) mmi-iS9umit;^ -y^-i^ii-hco 

/1-6 0 8. y =T7 *V^^-''^6 1 

(iv) StSSixtw-^-KSr, mU^Mc^y 
^••:;'.x-/i'6 0 67iS6 1 2 irW^&t-S, (v) 
;h.fcf-7'*i^a->'U6 0 6 75S6 1 2;6S, ■gfei^^ttfcr 

[0 15 3] (vi) sit^stifcfet^swstt, mmL 

[0 15 4] »*Li/^SIlEfl5^l?(4, i*:£Sttfcfet'F: 
L-dvL. v-rx. -r-tf^'^^. »i3J;0!««, ^ 

[0 15 5] yy^^'Hit-tv^^a-^l-e 0 6. 79 yh* 

6 1 0*5j:U«:T:iSB;i*'-i'yi^^>'^-/i'6 i 2 K>»<lH^}y. 

[0 15 0] 7y-;/ h y-^v^a-zU 6 0 8(4, 
^tifcw='- Kir, 3OC08 f y hcofe;?g^> (ii^(4 

U^wfl-g-^KSi^f^^H, 0f4m*^tii'^v>-r'St5*> 

2 5 5 i4^±(c?it)*i5-r*i5-t> 

^^'S^S^ Srit*1-5) ^r$tf@S7;*— ^CD^ 
[0 15 7] y=^r7:^7'*7-*i?:x-;V6 1 0(4, 

«ti^Sixtw:3-KS:, 3owfefigi^*3J;t)«loro/FS 

r 7 i'7'roSJp;SwM^T-fc 5 2 owffiSffixbasets J; 
0!ybase«:#tfB:£7*--v.;/ h W U 3- Ki:#P«?-t- 

[0 15 8] 4mK>^:tt•en^rol,^t, ^^wtirt*, 

c: 3 oco^^Sr|a;^^i5-fr5 w t (c J;-3Ttt»* 
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r=claiiip (cx X (X-xbase) +oy X (Y-ybase) +d) 
Z.Z.X\ MfCclainp(4, 

{ 2 5 5 2 5 5Sx 
clanp(x)= { Lx J 0gx<2 5 5 
{ 0 x<0 

[ 0 1 5 9 ] f-t#co HSf 14, y =.r7 v^;*?-*-:^ 

=.-/u6 1 0(4. m^^Mt.v^-Y^. 3o(7?feB)c5> 
fc-iOtloW^iSBJSjS^^i-M-rs, 4*flW3o<7>^ 

<W5Ki-5. c^^e>ro4ila(7^^^^m^-ov>T, ^^mrolg 
r(4, Uc^SrfiSfflLT, 3oco:g?^it^^f X^C'^-h-e 

r=clanrp (cx X x+cy X y+d) 

[0 16 0] ^^A±roJ;9^c4fi£^4^fc4o«^gf:l4, 

20 (4, giiSe 9 8S::frL-CiEgSlcffi;^$tL, ^M:A±co«i 

[0161] |Rl-«^*&-^;t5flil©S[*|iftl-^«:fi&ffl+ 

(0 1 6 2 1 :t;S?^^'-1'/I'*v'3.--'1'6 1 2(4, 
nfeWa-K^, 3 0CD8 If'y hfelS^^, lOCOSt'y 

i>?p;gp;3«ie, KiK(7?x{sts (px) , ys+i (py) , x 

^^'Sr^/v (sx) , ^7.T~>^^ (sy) :j3J;0«6 4 f y h« 
:iiT.ib<75ffi(4, *;-T^y :^ h3ifi!c7J>ib^U, ffl^(4, tcW 
^a(4, iiiTcoS;, 

a=((x/2'" +px)mod 8) +< (y/2" '+py)raod 8) X8 

[0163] t-y i*i»r ku;^ raj «t"y H 

- Ki^ibWfeir^FiSP^S/iS, =E-v=a.-/u-6 12»ttiy3(C 
•tSo j^S^nsfc'j' b^5 0K>«^ic:(4, 3oi7)0^£^^ 

^^«r^rtsfei:o«^ap;1^gM^s?i^i«$^^, ^^^nfc 

[0 1 6 4 ] 7:5^^'^■i«*i^=■.-/^6 0 6 14, mf^^ti 
KSr, eoro^lSa, b. c, d. xbase*5j;t)«yba 

set, ■!^:^7'y:'i^$ix5 7;^*'li*iS^7'-!5'i 6« 

#7 7 1" e- y h ^WSIS* ^ ^ (bpl) 

mf-^l 6 Sr. »:<o^*,OT^i^i: L-rft¥«?-t-5?5>Sr* 

[016 5] (i) 1 f y hSBigweil'FS?^®?^ 
50 (ii) 1 f y hftlIfigW>PSB^m*/t(4ii?^OiIS 
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(iii) sv'-yvumm<o^u-<7.'r~i\-^mmmm 

(iv) 8 humm<DW<K-mm::^'r~/mm 

(v) 2 4 t-y M5il*«^jiB^3feBX$>lii^ 

(vi ) 3 2 f V h %mm<r> 3 i: 5F^i3»5 SWH^ 

f|il(?>#< (7)7 ;r— ?S' h*SBj«e-CfcS. 

[0 16 61 ^7.f>mm'f:~:^=~j^'G Q6\t. mm^^ 

(bpp) S-^3t-f5. -tmii. 7;^!?B<feH3gr-*' 

a=bpp* "-aX (x-xbase)+cX (y-ybase)-" +bpl X l-bx (x-x 
base)+dX (y-ybase)-* 

[0 16 7] u=-K6 0 2*^e>rolii^*''i'7"(::i£cr 
iiikrh'V'^ Fa J ji^bSfija^ns, znmmtt. 

aoWSf-y hfe^^Jt 10(08 K-y H^FSB^Sfig^J^*: 

nfc6*3±0''FiiSP^S«tb;'l 6 9 8 ^Jf^fiK-f^. 
[0 16 81 «/T;BlBg:t7'-:;'x^ hrt-cW^ 

S J; 0 W r- fo 5 o 

[0 16 91 ±E(->fl-t5*f *L.V^!|#^|!(t LT, ffijtii 

WtL-r, 7;;^*'iS<*S^x-^' 1 6f*3(;5iiiSra(0^iw 

p=aX (x-xbasG)+cX (y-ybase) 
q=bX (x-xbase) +d X (y-ybase) 

tt^ o -rffg-rs r (c: J; o TUtrfS t !!)St?# 
[0 17 0] iSfciC, yy^^'H^Mfgf-^' 1 6rt«4ii 
S(Ot'y KT KU^^a.. , a.., a, . iO^a. , S:, KiTi" 

^bppx Lp-J +bplx H-J 

^a..+bpp 
:a.. +bpl 
■a»« +bpl+bpp 

[0 17 1] «-feRSc^^*3J;OTigs;3it*5>(7?^n 

r=interp(interp(get (a»o ), get (a« i ) ,p), interp(gBt (a 
,.),get (a,,),p),q) 

Idf^oX, CC-C% Mltinterpfi, 
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interp(a,b,c)=a+(b-a) X(c- '-c-' ) 
[0172] ±»ita;-C\ *a Hi-' =floor T'fo 

[0173] getPf&(±, m-<73 1' ■> Ku;^-C(io, 

mm^'7i<n>m:'-&t. v>< '^iO>(7Jl■^^|^^''r7■wv^<o75» 

10 [0 17 4] ±ISlc*)"t5»*Ui.^TOi: U-C, ffiE® 

1 4tiJ;0!mtfYtfc@*5'Vi'6 1 6*»b*ffl^?ix5x 
*sitJ!y(DlBSr±^-^iseffl-t-5^i:l-<t-3r. B^^'l' 

[0 17 51 #{gc(73flfi,wr:wJ;5/.e«femtfe4fiKf-/'* 

[0 17615.0 iii5g-g-^^i>^-/U 
JilT(-, Bi^-&-/**i^:=.-^l'7 0 0(7)»J<^&|ftP^-t-5, 

20 t feft v;* a -/I' 6 0 0 6. Otis ;^ -fe - t 
14. 51t;< -y-b-t^v fe^fiU;^ 

[0177] ■yfe-v'*/t(4;^=Jr^r >7'r>'ro|i^ 

7 0 0!4, ^tl.Jil±WA!ia!'.£L-eOilgtii;^F IFO70 

[0178] fe'g-fiic^ s'-fe-i>=&$ltSio tig^t;)!!^ 
-g-fi)c-tv=;x-/u7 0 0(75«ifl5mM^'T^-ti:l4\ y 

7 ^ tJ J; t>'r /i- 7 r -r (c o T . 

[0 1 7 9 1 pi^CQii*t) ;<.y-t-i?Srgl-tS!otB#(:i 
(4. iii^^fig^-:^n.-yv7 0 0(4, H^^fiK^^'y^a 
8)J>?,fet^igW««:>Xy7'1-5. fcit'L. ;^^'-;'^'3 
8>!)S2gro4|^(c:(4^i^?q(^)ero^i^is«^ffl$^^5, 
40 fet^jSBg£l(4, ili«.(±l;^F I FOi::Kai$H51ii*m 

[0180] |!E»(7)-g-iSr 7'n-5'(4. (Port 
er.T) 1fii.tl¥y (Duff, T) 1^ fCompositing Digital 
ImagesJ , Ckjmputer Graphicslg, Vol. 18 Na 3, 1984 

|g253 ~259-S-v'(c:taSSixrv^5. if--9 ^ 

7^fi£StSE(73«iiJ«r, UlSlc.W. L;0»L, C(75J;5''.C 

50 T-^'^CV^t V^5^.-C-^^ifeT-fc6„ ^-iT^Jig*, if^~9- 



[0 1 8 ij &^f$./ 'y^~-i^^S:i-f^'^t^^^^^^-^ 
[0 1 8 2] fe^^y y-fe-i^«:SttSiofcl^(:i, mm 

3 8 A^e.feiiSjKyT'Sns, ■f-'Sii^ 

fcfc'L. fe^^;< s/-fe"i>t?7':^x^^^-Va 

[0 18 3] y-;=^(Ofe*5J;t)!5pgs;i«5rv'^7^^t~- 

ic, la^J^$4^^J:v^3s)^^^feffit, >FiSfJ^^(iI (so) fe* 
•r5y-:=^iii^7 0 2^l:^^-to y-;^ii^7 0 2(7>^<i- 

^(0^^f±, 11^7 0 2«0^±|C5P3i?q''j:g|55^7 0 4S: 

^i-o P'#l(c, ia7Aro^i+#t?/5cv^iiW±> 
5g7 0 2ro^ibT?. ^±\mm-vh'bt^f£^if^i>U^ 
7 0 6S:^1-. 1217 BCi. foS'FSB^lSffi (do) Sr^-f 
i>^:!(7-^^~'y3>'mm7 lOSr.T^-r, 7':^x-f^^- 

vpitK7 1 omn^nmm\-i: mm 7 1 ow^^ 

(::5FSB^'i:Sli5^7 i 2Sr*t1-. li^ 7 i Ott, 

J:t)<7=^;^x^^—>3:^iiI5g7 1 0»5FiSi^M«(±x m 
■g-arOTtfed, S^^lciI:X-r6^:i^^/.c^5i^5, rixe>2 
ocoiij^»;f -^-s- U--^" 7 1 6 4:. la 7 CfC^-t". 
»3oW^)^;ii5fl;iSt, rti^Citt, soX (1-do) WtS« 

0, (l-so) xdoroBffiS:W-t5 V — •^^1•■7^^7''f^-— 
■>3 V7 2 2 ~i^b3oco^s^co■t•^^-?'^^ 
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y — :^^1-7=' -Va y^Jt 7 2 2(4. ^ 
^•r-f^^-->3 >32^MJlE 7 2 0-r-(±. ^rofe^y-x 
L fcte w tti 1^ i: ttSiJfS » , y - ;^ i X ^ T- -f - ■> 3 

lfe?l?ffifc:-t*n2)7:^;S'f*^w-g|5&. HI l 7t7i%-t-o 
[0 1 8 4 1 ^mWit. y~:^&.isi:xlf:^7--<^-—> 

[01851 HSS-g-^^ y-fe-i;;!i>e,K>ryi'77f'^r^ 
y-;^PiS 7 0 2tx:^7^'f^-->3>'iii*7 1 0<n:ir 

ii-g- ic (4 o^tS to ®|l 5 o 

[0186] *g«:C07Fii?^Stt, ^^CO^iS!^«»^fh 

I^SI- 6 r i: ici J; o r ff^/S $ 5 o 
[0187] |ig*cofe*3j; V^jgiSJStt, S^^/iJc;^*' 

•yi' 3 8(C7°5'Va$tl5. 

[0188] 6. 0 B*ffl;0■=e•:^:l-/^ 
mmtHtj'f: i^=^-/^8 0 0 (Ot)j1ls«:fc(Tl'm?^'tS. « 
If ^ -y-fe-v^li. iil^tti;'^ F I FO/4>b^^®6n. r 

[0189] mmtat);* -yk-i^^^im-ot-m^. m 

^tb:^*i^a.-/U8 0 0(4, B^^rKliL, inmm^ 

(i(4, il3gffl:^*v'a-''i'8 0 014, y-fe— 
[0 190] m:^i8 9 8(4, !g!>^(c:f£:i:x, W^Pi^iT* 
/j;SISl-(4, K'f':i-*^3. = .;/h*t(4yy>^"'j:i;'W 
i'K^ hT*fcf47U'-i.;^ hri:^ts^mmAMf£ 

[0 1 9 1 1 ^^roU"</KC*?fc5:t:/i'a:^' 
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[0 1 9 2] j^:gq«|Bt=tC|E«W:frfe*5J:0=^ 

[ 0 1 9. 3 ] mm±(omm\t 
»mmmm ^mx^h^ t i'^hmntm j; ?^ 

[0 19 4] tfrifitt, *%9^ro-o«^^M±V^<oA»(D 

1021 Ll>^WI8»1Sttf-^5'7n-^.T^-ry'- 
[03 1 Lv^*iS)l?ffi«BS->'-'>-y->-r/H/V^^ 

[04] 13 2 (7)3^yi?«!!a*>'^-'K'5tttlil&1tfiSll'^fo 

5o = 
[la 5 ] 0 2 «<S5felittifc^^i^^"'K^^I'S1t*gil-C 

[1161 0 2 «^<tLr-*'^^*i^:^-''l'«1tl«&«ffi 

[gl7] y— >^if';^7=-^;^— i'wrflcopiilfro^a^ 

[las] ftT* U^SWIiroSIPSrlftWi-SfcfewtaJi: 

[ia 1 ol El 8<nm^<o^^<i:>^^-t>y^ yrou'vy 
[mill! 8 Oiu^w^ y KioBBSSr^l"® 
[121 1 2 Al la 1 0«iH)Wfc*(c:ll4C0ffiH(C±^-C^ 

[|gii2Bi Ell o«t?ijcofcto;cii4(oiaBi-J;':'T^ 
jfe^^s^y 'j-M.m/^-'}-y^^--rmx'hi, 

' [B112C1 E!l OcoFiJ«t«)lclll4roBflSl::J:oTS 



[Ell 2D] Ell o«^lcofcfetE14<DiaE(cJ;o-c^ 
m-^^i>^ ■yi^'^mJ^~'f-yi:^irmX'i)6, 
imi 2E] Ell 0co^JWfc86(c:E14WEei-J;'3-C* 

[D 1 2 F 1 Hi O(7?0tJrofcJ6l-lll4 wSagtio-CS 

[01 2Gl El 1 ootaiwfcii6(^lgl4<osaHlc:J;o-c^ 
IS^HS^i -;/-:;'Hif^w-^:/Sr^]^-fElT-fo5. 
10 [Ell 2 H] Ell oro#ilK)fc«>(::ll4K)Sa&-J:o-C^ 
J6$iT.53^ i'i^Kff/^-^ >-?rS^-t-El-C-fo 5o 

[lai 2 1 ] HI o<Dm(r>itifyizm4(Dmm^i'^xm 

liai 2 J 1 gll 0ro«iiJ<75fc*(::|g4»Egl;:J;o-c^ 

[mi 3 A] x]S^||ro:*c#/j^a:^W^^^/^*#l-i^«■t 
5 1-^4 L, ^^^e5;iSifwJ;5^c:^&a^i^5*>Sr'^^■t•|il 
-CfoS, 

[0138] xm.iMn^^ti^itifi^ir/i'mi'i^'n^ 

[01 3C] xffiS^W;*s:^/^a:^b!!IS;^t^^^*W-^roJ: 

X'hi>, 

[01 3D] xM^w:*:#'5:3efl:i4S;^f/i'*m-ifwJ; 
xhi>^ 

[01 3E] x&i^<oiz^timtiii^\f'^^mz.)£(nii. 
30 -efc5. 

[014] 2orot**S«C03;i'i;Ki!li7*— =?■!/ h 

y Viriti^-ti'tcihcomxh'b, 
[015] l,K-Q/l^(D^fiJc?gg«*£*^^1-El-efc5„ 
[016] 02coni.yi;u=.- KI&S^^|Sf-4Bi:J5fe«i" 

fciftc^ a: yi^ur^- y(Dm^(^fj:r---f/^^^^-rmx 

40 [01 8] 3l^';^^7'^y•>'3>•yy-i:L-T^^^^i^5* 
[01 91 HA, B, C&tJSD, &0=*tJ£;l- 

[0201 :^-:fif:r.i' hCi)i^W£Wl-t(Omi9(Dmm. 

[02 11 05lc:*Lfci"</i'r*'7''f'<-->3>'7^- 

^?'/U4R)c«li(-J;o-C4fig^?tl5. 0 2O(^*J|'>y-(- 



[I2I2 2] H 5ic:7j^LfcU'-</i'T^'x^'<-->g vr- 
fl2lX-S>5„ 

[02 3] i^-fy^^^ YCf^M-^-nhh. ia2ora«m 
1122 41 El 5ICi?;LfcL"</ur ^r-f^— v-a v-r— 

1132 51 Ei2 4K)M/'j:5§i«sjgjii:*(cfflv>5fc*<^ lo j -^v^^m-miy ~<om.mw\^77=.-tu-r:h 
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* [132 61 I N^iSlSf'^rotsiroXafBS&fl^-fiar-fo 

So 

[02 7] CLIP I N-g-^atf^wtJ<)»SCaii««: 

[112 8] ouT^fi)cM{t»fcferosaii^S:^-ria-e 

[02 9] CLIP OU T^fi)cS1'^(75fcftc/5Kajil« 

[03 0] fet)»y7>'^Sr»ili$;h-/c'<-v'l--g-fi)o-r 
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1. ntte of the Invention 

METTHOD OF RENDERING GRAPHIC OUJECT BASED IMAGES AND 
APPARATUS THEREEOR 



t. A method of generating Instnictions for a directed a^acenqr giapli, said directed 
adjacency graph oompiising one or more parent nodes and one or more leaf nodes, each 
of whidi said parent node representing an operator and having branches to respective 
descendent nodes, and each of which said leaf node representing a graphic object, said 
method comprwuig the steps of: 

determining groups of one or mote pixel locations; 

determining, for each said group, a portion of said directed adjacency graph in 
accordance with activities of the operators, wherein the said portion of the directed 
adjacency graph is that portion which passes data up the directed adjacency graph; and 

generating, for each said group, instructions for the determined portion of the 
directed adjacency graph, wherein operator instnictions are generated for those operators 
of the determined portion of the directed adjacency graph having active branches and 
wherein leaf instructions arc generated for those graphic objects which are active al said 
group of one or mote pixcUocations. 

2. The method is ciaimed in claim 1, wherein said method comprises the step of 
generating a table for storing data concerning the activity of the operators and the activity 
of the branches of the parent nodes. 

3. The method as claimed in claim 2, wherein said determining step comprises the 
sub-step of updating, for each said group, the said data stored in said Ubie. 

4. The method as claimed in claim 1, wherein said step of generating instructions 
comprises a sub-step of traversing said portion of the directed adjacency graph and 
generating instructions for the active operators and the leaf value instructions in said 
portion of the directed adjacency graph. 
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5. The method as claimed in claim 1, wherein said directed adjacency graph is an 
expression tree. 

6. The method as claimed in claim 1, wherein said parent nodes represent binary 
operators. 

7. A method of generating instructions for an expression tree, said expression tree 
having a plurality of nodes comprising one or more binary nodes and a plurality of leaf 
nodes, wherein each said binary node having a left branch to a dcscendent said node and a 
right branch to a descendent said node and representing a binary operation on said two 
descendant nodes, and wherein each said node represents a graphic object, with one or 
more said graphic objects overlapping, each said overlapping graphics objects comprising 
a left node region, a common legion, and a right node region, said method comprising the 
steps of: 

determining groups of one or more pixel locations; 

determining, for each said group, whether the left and right branches of said one or 
more binary nodes are active or inactive; 

traversing, for each said g^oup, said expression tree, wherein the left branch of any 
previously traversed said binary node is traversed to its said descendent node if the right 
and left branches of said previously traversed binary node are active or if a said left node 
region is requited for the binary operation of said previously traversed binary node and 
the left branch is active and the right branch is inactive of said previously traversed binary 
node, and vrbeiein a right branch of any previously traversed binary node is traversed to 
its said descendent node if the rigjht and left branches of said previously traversed binary 
node are active oi if a said right node ireBion is required for the binary operation of said 
previously traversed binary node and the right branch is active and the left branch is 
inactive of said previously traversed binary node; and 

generating, for each said group, operator instructions for any said traversed binary 
node having active said right and left branches, and leaf value instructions for any 
traversed leaf node. 

8. A method as claimed in claim 7, wherein said tranvetsing step traverses said 
expression tree, wherein the left branch of any previously traversed said binary node is 
traversed to its said descendent node if the right and left branches of said previously 
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traveised binary node arc active and if the graphic object teprescnting said desocndenl 
node on the right branch of said previously liaversed binary node does nol obscure the 
graphic object representing said descendent node on the leR branch of said previously 
traversed binary node in the common region of the gr^hic objects representing said 
descendent nodes of said previously traversed binary node, and wherein the right branch 
of any previously traversed said binary node is traversed to its said descendent node if the 
right and left branches of said previously traversed binary node are active and if the 
graphic object representuig said descendent node on the left branch of said previoosly 
traveised binary node does not obscure the graphic object representing said descendent 
node on the right branch of said previously traversed binary node in the common region 
of the graphic objects representing said descendent nodes of said previously traversed 
binary node. 

9. A method of rendering an expression tree into a taster pixel image having a 
plurality of scanlines and a plurality of pixel locations on each said scanline, said 
expression tree having a plurality of nodes comprising one or more binary nodes arxl a 
plurality of leaf nodes, wherein each said bmary node having a left branch to a descendent 
said node and a right branch to a descendent said node and representing a binary 
operation on said two descendant nodes, and wherein each said node represents a graphic 
object, with one or more said graphic objects ovetlappingi each said overlapping graphics 
objects comprising a left node region, a common region, and a right node tegion, said 
method comprising the steps of: 

generating a table representative of said expression tree, wherein said table 
comprises a plurality of records corresponding to associated said binary nodes and leaf 
nodes, and each said record of a said associated binary node comprises a first field 
indicating whethei a said left region is required for operation of the operator of said 
associated binary node, a second field indicating whether a right region is required for 
operation of the operator of said associated binary node, a third field capable of indicating 
whether a said left branch of said associated binary node is active, and a fourth field 
capable of indicating whether a said tight branch of said associated binary node is active; 

deteimining groups of one or more pixel locations; 

determining, for each said group, whether the left and r^it branches of said one or 
more binary nodes are active or inactive; 
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updating, for each said group, said third and fourth fields of said table for said 
determined active and inactive branches; 

traversing, for each said group, said expression tree in accordance with said updated 
tabic wherein the left branch of any previously traversed said binary node is traversed to 
its said descendenl node if the right and left branches of said previously traversed binary 
node arc active or if a said lett node region is required for the binary operation of said 
previously traversed binary node and the left branch is active and the right branch is 
inactive of said previously traversed binary node, and wherein a right branch of any 
previously traversed binary node is traversed to its said dcsccndont node if the right and 
left branches of said previously traversed binary node arc active or if a said right node 
region is required for the binary operation of said previously traversed binary node and 
the right branch is active and the leR branch is inactiye of said previously traversed binary 

generating, for each said group, operator instructioas for any said traversed binary 
node having active said right and left branches, and leaf value instructions for any 
traversed leaf node; and 

executing, for each said group, corresponding said generated instructions so as to 

render said image. 

10. A method as claimed in claim 9, wherein said table further comprises for each said 
record of a said assodated binary node a fifth Beld indicating whether the graphic object 
ixspresenting said descendenl node on the right branch of said associated binary node 
obscures the graphic otflea representing said desoendent node on the left branch of said 
associated binary node in the cominon region of the graphic objects representing said 
descendenl nodes of sad associated binary node, and a sixOi field indicating whether the 
graphic object representing said descendent node on the left branch of said associated 
binary node obscures the graphic object representing said descendent node on the right 
branch of said associated btaary node in the cominon region of the graphic objects 
representing said descendenl nodes of said associated binary node; and said tranveising 
step traverses said expression tree in accordance writh said updated table, wherein the left 
branch of any previously traveiscd said binary node is traversed to its said descendent 
node if the right and left brattches of said piwiously traversed binary node are active and 
if the graphic object representing said descendenl node on the tight branch of said 
previously traversed binary node does not obscure Ihc graphic object representing said 
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descendent node on ihe left branch of said previously traveised binary node in the 
common region of the giaphic objects representing said descendent nodes of said 
previously Iravoised binary node, and wherein the right branch of any previously 
traveised said blDaiy node is traversed to its said descendent node if the right and left 
branches of said previously traversed binary node are active and if the graphic object 
representing said descendent node on the left branch of said previously traversed binary 
node does not obscure the graphic object representing said descendent node on the right 
branch of said previously traversed binary node in the common region of the graphic 
objects rcpiesentiag said descendent nodes of said previously traveised binary node. 

11. A method as claimed in claim 10, wherein said fifth and sixth fioWs are used to 
implement CUP IN or a CUP OUT operation. 

12. Apparatus for generating instnictions for a directed adjacency graph, said directed 
adjacency graph comprising one or more parent nodes and one or more leaf nodes, each 
of which said parent node representing an operator and having branches to respective 
descendent nodes, and each of which said leaf node representing a giaphic object, said 
apparatus comprising: 

roeans for detecmining groups of one or more pixel locations; 

means for dctcnnining, for each sdd gnnip, a portion of said directed adjacency 
gr^b in accordance with activities of the operators, wherein the said portion of the 
directed acQacency graph is that portion which passes data up the directed adjacency 
graph; and 

means for generating, for each said group, instructions for ihe detennined portion of 
the directed adjaoency graph, wherein operator instructions are g^erated for those 
operators of the detemuned portion of the direaed adjacency graph having active 
branches and wherein leaf instructions are generated for those graphic objects which are 
active ai said gioup of one or more pixel loeatioQS. 

13. Apparatus as claimed in claim 12, wherein said apparatus comprises means for 
generating a table for storing data concerning the activity of the operators and the activity 
of the branches of the parent nodes. 
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14. Apparatus as claitned in claim 13, wherein said determiniag means comprises 
means for updating, for each said group, the said data stored in said table. 

15. Apparatus as claimed in daim 12, wlierein said means for generating instructions 
comprises means for traversing said pottion of the directed adjacency gr:^ and means 
for generating instructions for active operators and leaf value instructions in said portion 
of the directed adjjacency graph. 

16. Apparatus as claimed in claim 12, wherein said directed adjacency graph is an 
expression tree. 

17. Apparatus as claimed in claim 12, wherein said parent nodes represent binary 
operators. 

18. Apparatus for generating instructions for an expression tree, said expression tree 
having a plurality of nodes comprising one or more binary nodes and a plurality of leaf 
nodes, wherein each said lilnary node having a left branch to a descendenl said node and a 
right branch to a descendent said node and representing a binary operation on said two 
descendant nodes, and wherein each said node represents a graphic object, with one or 
moie said graphic objects overlapping, each said overlapping graphics objects comprising 
a left node Fcgioo, a common region, and a right node region, said apparatus comprising: 

means for dcieiminii^ groups of one or more pixel locadons; 

means fbr determining, for' each said group, whether the left and right branches of 
said one or niore binary nodes are active or uiactive; 

means for traversing, for each said group, said expression tree, wherein the left 
branch of any previously traversed said binary node is traversed to its said descendent 
node if the right and left branches of said previously traveised binary node arc active or if 
a said left node region is required for the binary opeiailon of said previously traversed 
binary node and the left branch is active and the right branch is inactive of said previously 
traversed binary node, and wherein a right branch of any previously traversed binary node 
is traversed to its said descendenl node if the right and left branches of said previously 
traversed binary node are active or if a said right node region is required for the binary 
operation of said previously traveised binary node and the right branch is active and the 
le£t branch is inactive of said previously traveised binary node; and 
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means for generating, for each said group, operator instructions for any said 
traversed binary node having active said right and left branches, and leaf value 
instructions for any traversed leaf iwde. 

19. Apparatus as claimed in claim 18, wherein said traovcising means traverses said 
expression tree, wherein the left branch of any previoasly traveised said binary node i; 
traversed to its said descendenl node if the tight and left branches of said previously 
traversed binary node are active and if the graphic object representing said dcscendent 
node on the right branch of said previously traversed binary node does not obscure the 
graphic object representing said descendent node on the left branch of said previously 
traversed binary node in the common region of the graphic objects representing said 
descendent nodes of said previously traversed binary node, and wherein the right branch 
of any previously liaveiBed said binary node is traversed to its said descendent node if the 
right and left branches of said previously traversed binary node are active and if the 
graphic object representing said descendent node on the left branch of said previously 
traversed binary node does not obscure the graphic object representing said descendent 
node on the right branch of sM previously traversed binary node in the common region 
of the graphic objects representing said descendent nodes of said previously tiaveised 
binary node. 

20. Apparatus for rendering an expression tree into a raster pixel image having a 
plurality of scanlbcs and a plurality of pixel locations on each said scanline, said 
expresHon tree having a plurality of nodes comprising one ot more binary nodes and a 
plurality of leaf nodes, wherein each said binary node having a left branch to a descendent 
said node and a right branch to a descendent said node and representing a binary 
operation on said two descendant nodes, and wherein each said node rcpiescnte a graphic 
object, with one or more said graphic objects overlapping, each said overlapping graphics 
objects comprising a left node region, a common region, and a right node region, said 
apparatus comprising: 

means Sx generating a table representative of said expression tree, wherein said 
table comprises a plurality of reoords corresponding to associated said binary nodes and 
leaf nodes, and each said leconi of a said associated binary node comprises a ficsi field 
indicating whether a said left region is requited for opeiation of the operator of said 
BssodalBd binary node, a second field Indicating whether a right region Is requited for 
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operation of the operator of said associated binary node, u third field capable of indicating 
whether a said left branch of said associated binary node is active, and a fourth Odd 
capable of indicating whether a said right branch of said associaied binary ndde is active; 

means for determining groups of one or more pixel locations; 

nieaos for determining, for each said group, whether the left and right branches of 
said one or more binary nodes are active or inactive; 

means for updating, for each said group, said third and fourth fields of said table for 
said determined active and inactive branches; 

means for iraveisiog, for each said group, said expression tree in accordance with 
said updated table wherein the left branch of any previously traversed said binary node is 
iraveised to its said descendent node if the right and left branches of said previously 
traveised binary node are active or if a said left node nsgion is required for the biaary 
operation of said previously traveised binary node and the left branch is active and the 
right branch is inactive of said previously traversed binary node, and wherein a tight 
branch of any previously traversed binary node is traversed to its said descendent node if 
the right and left branches of said previously traversed binary node are active or if a said 
tight node region is required for the binary operation of said previously traversed binary 
node and the right branch is active and the left branch is inactive of said previously 
traversed binary node; 

means for generating, for each said group, operator instructions for any said 
traversed binary node having active said right and left branches, and leaf value 
instructions for any traversed leaf oode; and 

means for executing, for each said group, corresponding said generated instructions 
so as to render said image. 

21. Apparatus as claimed in daim 20, wherein said table further comprises for each said 
record of a said associated binary node a fifth field indicating whether the graphic object 
representing said descendent node on the right brandi of said associated binary node 
obscures the graphic object repiesenling said descendent node on the left branch of said 
associated binary node in the common region of the graphic objects representing said 
descendent nodes of said associated binary node, and a sixth field indicating whether the 
graphic object representing said descendent node on the left branch of said associated 
binary node obscures the graphic object representing said descendent node on the right 
branch of said associated biliary node in the comnion region of the graphic objects 
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leprescnting said desceodent nodes of said assodated binary node; and said Iranversing 
means tiaverses said expression ircc in acooidance with said updated table, wherein the 
left branch of any previously traversed said binary node is traveised (o its said descendent 
node if the right and left brandies of said previously traversed binary node an active and 
If the graphic object representing said descendent node on the riglit branch of said 
previously liaversed binary node does not obscure the graphic objcxt representing said 
descendent node on the left branch of said previously traversed binary node in the 
common region of the graphic objects representing said descendent nodes of said 
previously traversed binary node, and wherein the right branch of any previously 
traversed said binary node is traversed to its said descendent node if the right and Icfl 
branches of said previously traversed binary node arc active and if the graphic object 
representing said descendent node on the left branch of said previously traveised binary 
node does not obGCure the graphic object representing said descendent node on the right 
branch of said previously traversed binary node in the common region of the graphic 
objects representing said descendent nodes Of said previously ttaveised binary node. 

22. Apparatus as claimed in claim 21, wherein said fifth and sixth fields are used to 
implement CLIP IN or a CLIP OUT operation. 

23. A computer readable medium comprising a computer program for generating 
instructions for a directed adjacency graph, said directed adjacency graph comprising one 
or more parent nodes and one or more leaf nodes, each of which said parent node 
representing an operator and having branches to respective descendent nodes, and each of 
which said leaf node representing a graphic object, said computer program comprising: 

code for determining groups of one or more pbcel locations; 

code for determining, for each said group, a portion of said directed adjacency 
graph in accordance with activities of the operators, wherein the said portion of the 
directed adjacency graph is that portion which passes data up the directed adjacency 
graph; and 

code eoi generating, for each said groups instructions for the determined portion of 
the directed adjacency graph, wherein opemtor instiuctions arc generated for those 
operators of the determined portion of the diiected adjacency graph having active 
branches and wherein leaf instructions ate generated for those graphic objects which ate 
active at said group of one or more pixel locations. 



24. A computer readable medium as claimed in claim 23, wherein said computer 
program comprises code for generating a table for storing data concerning the activity of 
the operators and the activily of the branches of the parent nodes. 

25. A computer readable mediuin as claimed in claim 24, wherein said determining 
code ix)inprises code for updating, for each said group, the said data stored in said table. 

26. A computer readable medium as claimed in claim 23, wherein said code for 
generating instructions comprises code for tiavcrsing said ponlon of the directed 
adjacency graph and ccxJe for generating instructions for acdve operatois and leaf value 

instructions in said portion of the directed adjatsncy graph.. 

27. A computer readable medium as claimed in claim 23, wherein said directed 
adjacency graph is an expression tree. 

28. A computer readable medium as claimed in claim 23, wherein said parent nodes 
represent binary operators. 

29. A computer readable medium comprising a computer program for generating 
instructions for an expression tree, said expression tree having a plurality of nodes 
comprising one or more binary nodes and a plurality of leaf nodes, whticin each said 
binary node having a left branch to a dcsccndciu said node and a right branch to a 
descendent said node and icprescnting a binary operation on said two descendant nodes, 
and wherein each said node represents a graphic object, with one or more said graphic 
objects overlapping, each said overlapping graphics objects comprising a left node region, 
a common legion, and a right node region, said computer program comprising: 

code for determining groups of one or more pixel locations; 

code for determining, for each said group, whether the left and tight branches of 
said one or moie bittary nodes arc active or inactive; 

code for traversing, for each said group, said expression tree, wherein the left 
branch of any previously traversed said binaiy node is traversed to its said descendent 
node if the right and leit branches of said previously traversed binary node are active or if 
a said left node region is requited for the binary operation of said previously uaversed 
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binary node and Lhe lef( branch is active and the rigbt branch is inactive of said previously 
traversed binary node, and whercm a ri^t branch of any previously travetscd binary node 
is traversed to its said descendcnt node if the right and left branches of said previously 
traversed binary node are active or if a said right node region is required for the binary 
operation of said previously traversed biaary node and the riglit branch is active and the 
left branch is inactive of said previously traversed binary node; and 

cxxle Ear generating, for each said group, operator insttuctibns for any said traversed 
binary node having active said right and left blanches, and leaf value instructions for any 
Iravciscd leaf node. 

30. A computer readable medium as claimed in claim 29, wherein said tranversing code 
traveises said expression tree, wherein the left branch of any previously traversed said 
binary node is traversed to its said descendent node if the right and left branches of said 
previously traversed binary node arc active and if the graphic object representing said 
descendent node on the right branch of said pteviousty traversed binary node does not 
obscure the grapbic object representing said descendent node on the left branch of said 
previously traversed binary node in the oommon region of the graphic objects 
leprcsenting said descendent nodes of said previously traversed binary node, and wherein 
the right branch of any previously traversed said binary node is traversed to its said 
descendent node if the right and left branches of said previously traversed binary node are 
active and if the graphic object representing said descendent node on the left branch of 
said previously tiaveised binary node does not obscure the graphic object representiDg 
said descendent node on the right branch of said previously traversed binary node in the 
coniinon region of the graphic objects representing said descendent nodes of said 
previously traversed binary node. 

31. A computer readable medium comprising a computer program for tendering an 
expression tree into a taster pixel iraage having a,plurality of scanliaes and a plurality of 
pixel locations on each said scanline, said expression tree having a plurality of nodes 
comprising one or more binary nodes and a plurality of leaf nodes, wherem each said 
binary node having a left branch to a descendent said node and a right branch to a 
descendent said node and representing a binary opciation on said two descendant nodes, 
and wherein each said node represents a graphic object, with one or more said graphic 
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objects overlappiag, each said overlapping graphics objects connptisiag a left node region, 
a common region, and a right node region, said coraputcr program comprising: 

oode for generating a tabic representative of said expression tree, wherein said table 
comprises a plurality of records corresponding to associated said binary nodes and leaf 
nodes, and each said record of a said associated binary node comprises a first field 
indicating whether a said left region is required for operation of the operator of said 
associated binary node, a second field indicating whether a right region is required for 
operation of the operator of said associated binary node, a third field capable of indicating 
whether a said left branch of said assodatcd binary node is active, and a fourth field 
capable of indicaUng whether a said right branch of said assodateri binary node is active; 

code for determining groups of one or more pixel 1ocation!>; 

code B>r detenniniag, for each said group, whether the left and right branches of 
said one or more binary nodes are active or I nactiv^ 

code for updating, for each said group, said third and fourth ISelds of said tabic for 
said determined active and inactive branches; 

code for traversing, for each said group, said expression tree in accordance with 
said updated table wherein the leR branch of any previously traversed said biliary node is 
traversed to its said descendent node if the right and left branches of said previously 
traversed binary node are active or if a said left node region is required for the bbary 
operation of said previously traversed binary node and the left branch is active and the 
right branch is inactive of said prcvio'usly traversed binary node, and wherein a right 
branch of any previously traversed binary node is liaversed to its said descendent node if 
the right and left branches of said previously tiovcised binary node are active or if a said 
right node region is required for the binary operation of said previously traversed binary 
node and the right brandi is active and the left branch is inactive of said previously 
traversed binary luxle; 

code for generating, for each said group, operator instructions for any said traversed 
binary node having active said right and left bfancbes, and leaf value instructioos for any 
traversed leaf node; and 

code for executing, for eacb said group, coxiesponding said generated instructions 
so as to render said image. 

32. A computer readable medium as claimed in claim 31, wherein said tabic fiirthet 
comprises for each said record of a said associated binary node a fifth field Indicating 
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whether the graphic object representing said descendcnt node on the right branch of said 
associated binary node obscures the graphic object representing said desccndent node on 
the left branch of said associated binary node in the coounon region of the graphic objects 
reptcscnling said descendcnt nodes of said associated binary node, and a sbcth field 
indicating whether lite graphic abject representing said descendent node on the left branch 
of said associated binary node obscures the graphic object representing said descendcnt 
node on the right branch of said associated binary node in the common region of the 
graphic obje<!ts representing said descendcnt nodes of said associated binary node; and 
said tranvcTSing means traverses said expression tiec in accordance with said updated 
table, wherein the left branch of any previously tiaveised said binary node is traversed to 
its said descendent node if the right and left branches of said previously traversed binary 
node are active and if the graphic object representing said descendent node on the right 
branch of said previously traversed binary node does not obscure the graphic object 
representing said descendent node on the left branch of said previously traversed binary 
node in (he common region of the graphic objects representing said descendent nodes of 
said pievxxisly traversed binary node, and wherem the right branch of any previously 
Uaversed said binary node is traversed to its said descendent node if the right and left 
branches of said previously traversed binary node are active and if the graphic object 
representing said descendent node on the left branch ot said previously traversed binary 
node does not obscure the graphic object representing said descendent node on the right 
branch of said previously traversed binary node in the comnion region of the graphic 
otqects rcptcseoting said descendent nodes of said previously traversed binary node. 

33. A computer program as claimed in claim 32, wherein said fifth and sixth fields are 
used to implement CUP IN or a CUP OUT operation. 



(55) 



2002-56396 



3. Detailed Description of the Invention 

Copyright Notice 

This paieat specification contains material tiial is subject to copyrigiit protection. 
Tiie copyrigiit owner lias no objection to the reproduction of this patent specification or 
reiaied materials from associated patent office files for the purposes of review, btil 
otherwise reserves all copyright whatsoever. 

Technical Field of the Invention 
The present invcntioa reJates generally to rendering graphic object based images. 
In particular, the present invention relates to a method and apparatus for generating 
Instructions for an expression tree. The invention also relates to a method and apparatus 
for rendering an expression tree into a raster pixel image. The invention also relates to a 
computer readable mediimi comprising a computer program toi implementing any of the 
aforesaid methods. 

Badcground 

Most object based gicaphics systems utilise a frame store or page buffer to hold a 
pixel-based image of the page or screen, Typically, the ouUines of the graphic objects are 
calculated, filled and written into the ftamo store. For two-dimensional gr^hics, objects 
which appear in front of other objects arc simply written into the frame store after the 
background objects, thereby replacing the background on a pixel-by-pixet basis. This is 
commonly known in the art as the "Painter's algorithm". Objects m considered in 
priority order, from the rearmost object to the foremost object, and, typically, each object 
is rasteiised b scan line order and pixels are written to the frame store in sequential nins 
along each scan line. 

There are essentially tmi problenn with this technique. The first is ttiat it requires 
fast random access to all the pixels in the frame store. This is because each new object 
considered could affect any pixel in the frame-store. For this reason, the frame store is 
normally kept in semiconductor random access memory (RAM), For high resolution 
colour printers the amount of RAM required is very large, typically in excess of 
100 MBytes, which is costly and difficult to operate at high speed. The second problem 
is that many pixels, which arc painted (rcndcrcdX are over-painted (re-rendeied) by later 
objects. Painting the pixels with the earlier objects was a waste of time. 

One method for overoomliig the large frame-store problem is the use of "banding". 
When banding is used, only pan of the frame-store exists in memory at any one time. All 
of the objects to be drawn are retained in a "display list". The whole image is rendered as 
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above, but pixel painting (rendering) opeFa(ions fl>Bt try to paint (render) outside the 
fraction of the frame-store which exists are "clipped" out Aflcr all the objects have been 
drawn, the iiactional part of the frame-store is sent to the printer (or some other location) 
and another fi^action of the Grame-stor^ is selected and the process repeated, There are 
penalties with this technique. For example, the objects being drawn must be considered 
and re-considered many times - once for each band. As tbe number of bands increases, so 
too does the repetitious examination of objects requiring rendering. The technique of 
bandiitg does not solve Ihc problem of the cost of over-painting. 

Some other graphic systems consider the image in scan line order. Again, all the 
objects to be drawn are retained in a display list On each scan line the objects which 
intersect that scan line are then considered in priori^ order and for each object, spans of 
pixels between object edge intersection points ate set in a line stoic This technique also 
ovennimes the large frame store problem, but still suObrs firam the over-paint problem. 

There are other techniques, which overcome both tbe large frame-store problem and 
the over-painting problem. In one such technique, each scan line is produced in turn. 
Again, all the objects to be drawn are retained in a display list. On each scan line, the 
edges of objects which intersect that scan line are held in order of increasing coordinate of 
intersection with the scan line. These points of Intersection, or edge crossings, are 
considered in turn and used to toggle an array of active fields. There is one active field 
for each object priority that is of interest on the scan line. Between each pair of edges 
considered, the colour data for each pixel which lies between the first edge and the next 
edge is generated by using a priotily encoder on the active flags to determine which 
prioiity is topmost, and using the colour associated with that priority for the pixels of the 
span between the two edges. la preparation for the next scan line, the coot^jinate of 
intersection of each edge is updated in accoidance with the nature of each edge. Adjacent 
edges, which become mis-sorted as a result of this update are swapped. New edges are 
also merged into the list of edges. 

This technique has the significant advantages that there is no frame store or line 
store, there is no over painting, and the object priorities are dealt with in constant order 
time, rather than order N time (where N is Ihe numbn of priorities). 

However, these ptiority encoders lack sufficient flexibili^ to cope with a tree based 
graphical expicssioa In patticular, those expressions which include OUT and ATOP 
Porter and Duff compositing operators as described in "Compositing Digital Images', 
Poner, T; Dutt, T; Computer Graphics, Vol. 18 No. 3 (1984) pp. 253-259. The 
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problems arise because the compositing operation depends on which of the graphic 
objects composited by the operation are active at a given pixel location. Oue solution to 
'this problem is to use a complex arrangement of clipping objects, which requires a lot of 
exm edge processing and requires a large number of levels foe the clipping objects. 
Summary of the Invention 

It is an object of the present invention to substantially overcome, or at least 
ameliorate, one or more disadvantages of existing anangeraents. 

According to a first aspect of the invention, there is provided a method of 
geacrating instructions for a directed adjacency graph, said directed adjacency graph 
comprising one or more parent nodes and one or more leaf nodes, each of wluch said 
parent node representing an operator and having branches to icspecttvc desoendcnl nodes, 
and each of whidi said leaf node representing a graphic object, said method comprising 
the steps of: dctcnirining groups of one or more pixel locations; determining, for eadi said 
group, a portion of said directed adjacency graph in accordance with activities of the 
operators, wherein the said portion of the directed adjacency graph is that portion which 
passes data up the directed adjacency graph; and generating, for each said groiqj, 
instructions for the determined portion of the directed adjacency graph, wherein operator 
instructions are generated for those operators of the detemiined portion of the directed 
adjacency graph havirig active branches and wherein leaf insfructions are generated fer 
those graphic objects which are active at said group of one or more pixel locations. 

According to a second aspect of the invention, there is provided a method of 
generating instructions for an expression tiee, said expression tree having a plurality of 
nodes comprising one or more binary nodes and a pluiaUty of leaf nodes, wherein each 
said binary node having a left branch to a desccndent said node and a right branch to a 
desccndent said node and representing a binary operation on said two descendant nodes, 
and wherein each said node represents a graphic object, with one or more said graphic 
objects overlapping, each said overlapping graphics objects comprising a left node region, 
a common region, and a right node region, said method comprising the steps of: 
determining groups of one or mere pixel locistions; determining, for each said group, 
whether the left and right branches of said one or more binary nodes are active or 
inactive; traversing, for each said group, said expression tree, wherein the left branch of 
any previously traversed said binary node is traversed to its said descendent node if the 
right and left branches of said previously traversed binary node are active or if a said left 
node regjon is required for the binary operation of said previously traversed binary node 
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and (he left branch is active and the right branch is inactive of said previously traversed 
binary rmde, and wherein a right branch of any previously traversed binary node is 
traversed to its said descendcnt node if the right and left branches of said previously 
traversed binary node are active or if a said right node region is required for the binary 
operatioD of said previously traversed binary node and the right branch is active and the 
left branch is inactive of said previously traversed binary node; and generating, for each 
said group, operator instructioru for any said traversed binary node having active said 
right and left branches, and leaf value instructions for any traversed leaf node. 

According to a third aspect of the invention, there is provided a mediod of rendering 
an expression, tree into a raster pixel image having a plurality of scanlines and a plurality 
of pixel locations on each said scanline, said expression tree having a plurality of nodes 
comprising one or more binary nodes and a plurality of leaf nodes, wherein each said 
binary node having a left branch to a descendent said node and a right branch to a 
dcsccndent said node and representing a binaiy operation on said two descendant nodes, 
and wherein each said node represents a graphic object, wUh one or more said graphic 
objects overlappiiig, each said overlapping graphics objects comprising a left node region, 
a common region, and a right node region, said mettiod comprising the steps of: 
generating a table representative of said expression tree, wherein said table oomprses a 
plurality of records corresponding to associated said binary nodes and leaf nodes, and 
each said record of a said associated binaiy node comprises a first field indicating 
whether a said left region is required for operation of ttw operator of said associated 
binary node, a second field indicating whether a right region is required for operation of 
the operator of said associated binary node, a third field capable of indicating whether a 
aaid left branch of said associated binary node is active, and a fbiuth field capable of 
indicating whether a said right branch of said associated binary node is active; 
determitiing groups of one or more pixel locations; determining, for each said group, 
wh^er the left aikd right branches of said one or more binary nodes ate active or 
inactive; updating, for each said group, said third and fourth fields of said table for aaid 
detennined active and inactive branches; traversing, for each said group, said expression 
tree in aocordance with said updated tabic wherein the left branch of any previously 
traversed said binary node is traversed to its said descendent node if the right and lett 
branches of said previously traversed binaiy node are active or if a said left node region is 
required for the binaty operation of said previously traversed binary node and the left 
branch is aetivo and the right branch is inactive of said previously traversed binary node, 
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and wherein a right branch of any previously traversed binary node is traversed to its said 
descendent node i t the right and left branches of said previously traversed binary node are 
active or if a said rigtit node region is requited for the binary operation of said previously 
Itaveised binary node and the tight branch is active and the left branch is inactive of said 
previously traversed bmaty node; generating, for each said ffoup, operator instructions 
for any said traversed binary node having active said right and left branches, and leaf 
value instructions for any traversed leaf node; and executing, for each said group, 
coirespondingsaid genetatEd instructions so as to render said image. 

According to a Iburth aspect of the invention, there is provided apparatus for 
generating instructions for a directed adjacency graph, said directed adjacency graph 
comprising one or more parent nodes and one or more leaf nodes, each of which said 
parent node representing an operator and having branches to respective descetident nodes, 
and each of which said leaf node rqiresenting a graphic object, said apparatus 
comprising: means fbr determining groups of one or mora pixel locations; means for 
deteimining, fi)reach said group, a portion of said directed adjacency graph in accordance 
With activities oflhe operators, wherein the said portion of the directed adjacency graph is 
that portion which passes data up the directed adjacency graph; and means for generating, 
for each said group, instructions for the determined portion of the directed adjacency 
graph, wherein operator instructions are generated for those operators of the determined 
portion of the directed adjacency graph having active branches and wherein leaf 
instructions are generated for those graphic objects whidi are active at said group of one 
or more pixel locations. 

According to a fifth aspect of the invention, there is provided apparatus for 
generating inshiictions for m expression tree, said expressioti tree having a plurality of 
nodes comprising one or more binary nodes and a plurality of leaf nodes, wherein each 
said binary node having a left branch to a descendent said node and a right branch to a 
descendent said node and representing a binary operation on said two descendant nodes, 
and wherein each said node r^resents a graphic object, with one or more said graphic 
objects overlapping, each said overlapping graphics objects comprising a left node region, 
a common region, and a right node region, said apparatus coinprising: means for 
determining groups of one or more pixel locations; means for detomining, for each said 
group, whether the left and right brandies of said one or more binaiy nodes are active or 
inactive means for traversing, for each said group, said expression tree, wherein fbe left 
branch of any previously traversed said binaiy node is traversed to its said descendent 
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node if the right and loft branches of said previously traversed binary node are active or if 
a said left node region is required for the binary operation of said previously traversed 
binary node and the left branch is active aad the right branch is inactive of said previously 
traversed binary node, and wherein a right branch of any previo usly traversed binary node 
is traversed to its said descendent node if the right and left branches of said previously 
traversed binary node are active or if a said right node region is required for the binary 
operation of said previously traversed binary node and the right branch is active and the 
iefl branch is Inactive of said previously traversed binary node; and means for generating, 
for each said group, operator instructions for any said traversed binary node having active 
said right and left branches, and leaf value instructions for any traversed leaf node. 

According to a sbcth aspect of the invention, there is provided apparatus for 
tendering an expression tree bto a raster pixel image having a plurality of scanlines and a 
phirality of pixel locations on each said scanline. said cxpicssion tree having a plurality of 
nodes comprising one or more binary nodes and a plurality of leaf nodes, wherein each 
said biaaiy node having a left branch to a descendent said node and a eight biaach to a 
desceodent said node and representing a binary opaation on said two descendant nodes, 
and wherein each said node represents a graphic object, v/ith one or more said graphic 
objects overlapping, each said overlappitlg graphics objects comprising a lefl node regicn, 
a common region, and a right node region, said apparatus comprising: means for 
generating a tiible reptBsetixattve of said expression tree, wherein said table comprises a 
plurality of records corresponding to associated said binary nodes and leaf nodes, and 
each said record of a said associated binary node comprises a first field indicating 
whether a said left region is required for operation of the operator of said associated 
binary node, a second field indicating whether a tight region is tequiied for operation of 
the operator of said associated binary node, a third field capable of mdicating whether a 
said left branch of said associated binary node is active, and a fourth field capable of 
indicating whetiier a said right branch of said associated binary node is active; means for 
determining groups of one or more pixel locations; means for determining, for each said 
group, whether the left and right branches of said one or more binary nodes arc active or 
inactive; means for updating, for each said group, said third and founh fields of said table 
for said deteimined active and mactivc branches; means for traversing, for each said 
group, said expression tree in accordance with said updated table wherran the left brandi 
of any previously travased said binary node is h-aversed to its said descendent node if the 
right and left branches of said previously travelled bmary node are active or if a said left 
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node region is required for the binary operation of said previously traversed binary node 
and the left branch is active and the right branch is inactive ofsaid previously traversed 
binary node, and wherein a right branch of any previously traversed binary node is 
traversed to its said descendon node if the right and left branches of said previously 
traversed binary node arc active or if a said right node region is required for the binary 
operation ofsaid previously traversed binary node and the right branch ia active and the 
loft brand) is inactive ofsaid previously traversed binary node; means for generating, for 
each said group, operator instructions for any said travel^ binary node having active 
said light and left branches, and leaf value instructions for any traversed leaf node; and 
ineans for executing, for each said group, corresponding said generated instructions so as 
to render said image. 

According to a seventh aspect of the invention, there is provided a computer 
readable medium comprising a computer program fiar generating instructions for a 
directed adjacency grjqih, said directed a^acency graph comprising one or more parent 
nodes and one or more leaf nodes, each of which said parent node representing an 
operator and having branches to respective descecxlent nodes, and each of which said leaf 
node representing a graphic object, said computer program comprising; code for 
determinrng groups of one or more pixel locations; code for determining, for each said 
group, a portion of said directed adjacency graph in accordance with activities of the 
operators, wiiercin the said portion of the directed adjacency graph is that portion which 
passes data up'Ae directed adjacency graph; and code for generating, for each said group, 
instructions for the determmed portion of the directed adjacency graph, wherein operator 
inshnctions are generated for those operators of the determined portion of the directed 
adjacency graph haviiig active branches atKl wherein leaf instructions are generated for 
those graphic objects which are active at said group of one or more pixel locations. 

According to an eighth aspect of the invention, there is provided a computer 
readable medium comprising a computer program for generating instructions for an 
expression tree, said expression tree having a plurality of nodes comprising one or more 
binary nodes and a plurality of leaf nodes, wherein each said binary node hanng a lofl 
branch to a descendent said node and a right branch to a descendent said node and 
representing a binary operation on said two descendant nodes, and wherein each said 
node represents a graphic object, with one or more said graphic objects overlqiping, each 
said overlapping gr^hics objects comprising a left node region, a coniraou region, and a 
right node region, said computer program comprising: code for detennining groups of one 
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or more pixel locations; code for deteimining, for each said group, whether the left and 
right branches of said one or more binary nodes arc active or inactive; code for traversing, 
for each said group, said expression tree, wherein the left branch of any previously 
traversed said binary node is traversed to its said descendent node if the right and left 
branches of said previously traversed binary node are active or if a said left node region is 
required (or the binary operation of said previooaly traversed binary node and the left 
branch is active and tlic right branch is iruwtive of said previously traversed binary node; 
and wherein a right branch of any previously ttavorscd binary node is traversed to its said 
descendent node if tire right and left branches of said previously traversed bmary node are 
active or if a said right node region is required for the binary operation of said previously 
tnnveised binary node and the tight branch is active and the left branch is inactive of said 
previously traversed binary node; and code for generating, for each said group, operator 
inshnctions for any said treversed binary node having active said right and left branches, 
and leaf value instructions for any traversed leaf node. 

Aocotding to a ninth aspect of the invention, flieie is provided a computer readable 
medium comprising a computer program for rendering an expression tree into a raster 
pixel image having a plurality of scanlines and a plurality of pixel locations on each said 
scanlinc, said expression tree having a plurality of nodes comprising one or more binary 
nodes and a pluraUty of leaf nodes, wherein each said binary node having a left branch to 
a descendent said node and a right branch to a descendent said node and representing a 
binary operation on said two descendant nodes, and wherein each said node represents a 
graphic object, with one or more said graphic objects overlapping, each said overlapping 
graphics objects comprising a left node region, a common region, and a right node region, 
said computer program comprising: code for generating a table reproseutative of said 
exptosston tree, wherein said table comprises a plurality of records corresponding to 
associated said binary nodes and leaf nodes, and each said record of a said associated 
binary node cxmpHscs a fitsf field indicating whether a said left region is required for 
operation of the operator of said associated binary node, a second Held indicating whether 
a right region is required for operation of the operator of said associated bineay node, a 
third field capable of indicating whether a said letl branch of said associated binary node 
is active, and a fourtti field capable of indicating whether a said right branch of said 
associated binary node is active; code for determimng groups of one or more pixel 
locations; code for determining, for each said group, whether the left and right branches 
of said one or more binary nodes are active or inactive; code for updating, for each said 



grojp, said third and fourth fields of said table for said determined active and inactive 
branches; code for traversing, for each said group, said expression tree in aocordzincc witli 
said updated tabic wherein the left branch of any previously Inivcised said binary node is 
traversed to its said descended node if the right and left branches of said previously 
traversed binary node are active or if a said left node region is requited for the binary 
operation of said previously traversed binary node and the left branch is active and the 
right branch is inactive of said previously traversed binary node, and wherein a right 
branch of any previously traversed binary node is traversed to its said dcsccndent node if 
the right and left branches of said previously traversed binary node are active or if a said 
right node regloQ is requhed for the binary operation of said previously traversed binary 
node and the right branch is active and the left branch is inactive of said previously 
traversed binary node; code for generating, for each said group, operator bstructions for 
any said traversed binary node having active said right and left branches, and leaf value 
instructions for any traversed leaf node; and code for executing, for each said group, 
coticspooding said generated instructions so as to render said image. 
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D«lailed Description including Besl Mode 

Where reference is made in any one or more of tlie accompanying drawings to steps 
and/or features, wtiich have the same reference numerals, those steps and/or features have 
for Ihc purposes of this description the same function(s) or operation(s), unless the 
comraty intention appears. 

Hg. 1 illustrates scbemalically a computer system 1 configured for rendering and 
presentation of camputei graphic object images. Hie system indtides a host processor 2 
associated with system random access memory (RAM) 3, wbicfa may include a non- 
volalile hard disk drive or similar device S and volatile, semiconductor RAM 4. The 
system 1 also includes a system read-only memory (ROM) 6 typically founded upon 
semiconductor ROM 7 and which in. many cases may be supplemented by compact disk 
devices (CD ROM) 8. The system 1 may also incorporate some means 10 for displaying 
images, such as a video display unit (VDU) or a printer, both of which operate in raster 
Eashion. - 

The above-described components of Ihc system 1 are interconnected via a bus 
system 9 and arc operable in a norma! operating mode of (ximputer systems well known 
in the art, such as IBM PCYAT type personal computers and arrangements evolved 
therefrom, Sun Sparcstaiions and the like. 

Also seen in Fig. 1, a pixel sequential rendering apparatus 20 connects to the bus 9, 
and in (he preferred embodiment it, configured for the sequential rendering of pixel-based 
images derived from graphic object-based descriptions supplied with instructions and data 
from the system 1 via the bus 9. The apparatus 20 may utilise the system RAM 3 for the 
rendering of object descriptions although preferably the tendering apparatus 20 may have 
associated therewith a dedicated rendering store arrangement 30, typically fbnned of 
semiconductor RAM. 

The general principles of the invention have fqjplication in generating instructions 
for directed adjacency graphs, and spccirically expression trees. Ibis is realised in the 
preferred embodiment in an activity detennination and instruction generation module 300 
(Fig. 5) of the pixel sequential rendering apparatus 20. This module is described in more 
detail in the seclion herein entitled "3.0 Activity Determination and ftistruclton 
Generation Module". 
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Refming now to Fig. 2, the overall functional data flow diagtam of the prefened 
Buibodiment is shown. The functional flow diagiara of Fig. 2 commences with aa object 
graphic description 1 1 which is used to describe those parametcis of gr^jhic objects in a 
fashion appropriate to be generated by the host processor 2 and/or, where appropriate, 
stored within the system RAM 3 or derived from the system ROM 6, and which may be 
interpreted by the pixel sequential tendering apparatus 20 to render therefrom pixel-based 
images. For example, the object graphic description 11 may incorporate objects with 
edges in a number of formats including straight edges (simple vectors) that traverse firom 
one point on the display to another, or an orthogonal edge fbimat where a two- 
dimensional object is defined by a plurality of edges including orthogonal lines. FurSier 
formats, where objects are defined by continuous curves, are also appropriate and these 
can include quadratic polynomial fragments where a single curve may be described by a 
number of parameters which enable a quadratic based curve to be rendered in a single 
output space without the need to perform multiplications. Further data formats such as 
cubic splines and die like may also be used. An object may contain a mixture of many 
different edge types. Typically, common to all formats are identifiers for the start and end 
of each line (whether straight or curved) and typically, these ate identified by a scan line 
number thus defining a specific output space in which the curve nay be rendered. 

For example, Fig. 14A shows a prior art edge description of an edge 600 that is 
required to be divided into two segments 601 and 602 in order for the segments to be 
adequately described and rendered. This arises because die prior art edge description, 
whilst being simply calculated through a quadratic expression, could not accommodate an 
inflexion point 604, Thus the edge 600 was dealt with as two separate edges having end 
points 603 and 604, snd 604 and 60S respectively. Fig. 14B .shows a cubic spline 610 
which is described by end points 611 and 612, and control points 613 and 614. This 
fi>nDat requires cakalation of a cubic polynomial ibr render purposes and thus is 
expensive of computational lime. 

Fi^. 14C and 14D show examples of edges applicable to the preferred 
embodiment. In the preferred embodiment, a edge is considered as a single entity and if 
necessary, is partitioned to delineate sections of the edge that may be described in 
different formats, a specific goal of which is to ensure a minimura level of complexity for 
the description of each section. 

In Fig. 14C, » single edge 620 is illustrated spanning between scan lines A and M. 
An edge is described by a number of parameters including stactx , start_y , one or more 
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segment descriptions which include an address that points to the next segoient in the edge, 
and a finish segment used to terminate the edge. According to the preferred embodiment, 
the edge 620 may be descriBcd as having three step segments, a vector segment, and a 
quadratic segment. A step segment is simply defined as having aa x-step value and a y- 
step value. For the three step segments illustrated, the segment descriptions are [0,2], 
[+2,2], and [+2,0]. Note that the x-step value is signed thereby indicating the direction of 
the step, whilst the y-step value is unsigned as such is always in a raster scan direction of 
increasing scan line value. The next segment is a vector segmeit which typically requires 
parameters start_x, start jr. finish_y and slope (DX). In this example, because the vector 
segment is an intermediate segment of (he edge 620, die start_x and start_y may be 
omitted because such arise from the preceding segment(s). The slope value (DX) is 
signed and is added to the x-value of a preceding scan line to give the x-valoe of the 
current scan line, and in the illustrated case, DX <= +1. The next segment is a quadratic 
segment which has a structure cotresponding to that of the vector segment, but also a 
second order value (DDK) i^ch is also signed and is added to DX to alter the slope of 
thes^eiU. 

Fig. I4D shows an racample of a cubic curve according the prefisned embodiment 
which includes a description corresponding to the quadtatic segment save for the addition 
of a signed thiri-ordcr value (DDDX), which is added to DDX to vary the rate of change 
ofslopc of the segment Many other orders may also be Implemented. 

It will be apparent from the above that the ability to handle plural data formats 
describing edge segments allows for simplification of edge descriptions and evaluation, 
without reliance on complex and computationally expensive mathematical operations. In 
contrast, in the prior art system of Fig. MA, all edges, whether, orthogonal, vector or 
quadratic, were requited to be described by the quadratic fonii. 

The operation of the preferred embodiment will be described with reference to the 
simple example of rendering ain image 78 shown in Fig. 8. The image 78 is seen to 
include two graphical objects, in particular, a partly transparent blue-coloured triangle 80 
rendered on top of and thereby partly obscuring an opaque red coloured rectangle 90. As 
seen, the rectangle 90 includes side edges 92, 94, 96 and 98 defined between various pixel 
positions (X) and scan line positions (Y). Because the edges 96 and 98 are fbtmed ^pon 
the scan lines (and thus parallel therewith^ the actual ol^ect description of flie 
rectangte90 can be based solely upon the side edges 92 and 94, such as seen b Fig. 9A. 
In this connection, edge 92 commences at pbcel location (40,35) and extends in a taster 
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direction down the screen to tenninate at pixel position (40,105). Similarly, the edge 94 
extends from pixel position (160,35) to position (160,105). The horizonal portions of the 
rectangular graphic object 90 may be obtaiBed merely by scanning from the edge 92 to 
the edge 94 in a rasterised fashion. 

The blue triangular objei^ 80 however is defined by thrae object edges 82, 84 
and 86, each seen as vectors that define the vertices of the triangle. Edges 82 and 84 are 
seen to commence at pixel location (100,20) and extend respectively to pixel locations 
(170,90) and (30,90), Edge 86 extends between those two pixel locations in a traditional 
rasterised direction of left to right. In this specific example because the edge 86 is 
horizontal like the edges 96 and 98 mentioned above, is it not essential that the edge 86 be 
defined, since the edge 86 is characterised by the related endpoinis of the edges 82 
and 84. In addition to the starting and ending pixel locations used to describe the 
edges 82 and 84, each of tbese edges will have associated therewith the slope value in this 
case + 1 and - 1 respectively. 

Fig. 10 shows the manner in which the rectangle 90 is rendered, this commencing 
ari scan line 35 and how the edges 82 and 84 intersect the scan line 35. It will be apparent 
from Fig. 10 that the rasterisation of the image 78 requires resolution of the two 
objects 90 and 80 in such a fashion that the object having the higher priority level is 
rendered "above" that with a lower priority level. This is seen ftom Fig. 1 1 which 
represents an edge list record used for the rendering of the image 78. The record of 
Fig. 1 1 includes two entries, one for each of the objects, and which are arranged at a scan 
line value corresponding to the start, in a raster rendering order, of the respective object. 
It will be se«i from Fig. 1 1 that the edge records each have an associated priority level of 
the object and fiulher detail regarding the nature of the edge being described (eg. colctur, 
slope, etc.) 

Returning to Fig. 2, having identified the data necessary to describe the graphic 
objects to the rendered, the graphic systems 1 then performs a display list generation 
step 12. 

the displ«iy list generation 12 is preferably implemented as a software module 
executing on the host processor 2 with attached ROM 6 and RAM 3. The display list 
generation 12 converts an object graphics description, expressed in any one or more of the 
well known graphic description languages, graphic library calls, or any other application 
specific format, into a display list The dUplay list is typically written into a display list 
store 13, generally formed within the RAM 4 but which nwty alternatively be formed 



2002-56396 



within the rendering stores 30. As seen in Fig. 3, the display list store 13 can include a 
number of components, one being an instruction stream 14, another being edge 
Infomiatioa 15 and where appropriate, raster image pixel data 16. 

The instniction stream 14 includes code iDteipretable as instiuctions to be read by 
the pixel sequential leadering apparatus 20 to render the specific graphic objects desired 
in any specific image. For the example of the image shown in Fig. 8. the instructioa 
stream 14 could be of the form ofi 

(1) render (nothing) to scan line 20; 

(2) at scan line 20 add two blue edges 82 and 84; 

(3) render to scan lino 35; 

(4) at scan line 35 add two red edges 92 and 94; 

(5) render to completion. 

Similarly, the edge infomation 15 for the ejcample of Fig. 8 may inclnde the 
following: 

edge 84 commences at pixel position 100, edge 82 commences at pixel 
position 100; 

edge 92 commences at pixel position 40, edge 94 commences at pixel 
position 160; 

edge 84 nms for 70 scan lines, edge 82 runs for 70 scan lines; 

edge 84 has slope = A, ed^ 84 has slope = -t-l; 

edge 92 has slope = 0 edge 94 has slope = 0; and 

edges 92 and 94 each r«n for 70 scan lines. 
It will be appreciated from the above example of the insiniction stream 14 and edge 
information IS, and the inanner in which each are e^qiressed, that in the image 78 of 
Fig. 8. the pad position (X) and toe scan line value {Y) deHne a single output space in 
which the image 78 is rendered Other output space configurations however can be 
realised using the principles of the present disclosure. 

Fig. 8 includes no raster image pixel data and hence none need be stored in the store 
portion 16 of the display list 13, although this feature will be described later. 

The display list store 13 is read by a pixel sequential rervdering apparatus 20, which 
is typically implemented as an integrated circuit. The pixel sequential rendering 
apparatus 20 converts the display list into a stream of rastei pixels which can be 
forwarded to another device, for ejcample, a printer, a display, or amemory store. 
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Although the preferred embodiment describes the pixel sequential rendering 
apparatus 20 as an integrated circuit, it may be implemenled as an equivalent software 
module executable on a general purpose processing unit, such as the host processor 2.- 
The software module may fonn part of a computer program product which may be 
delivered to a user via a computer readable raedium, such as a disk device or computer 
network. 

Fig. 3 shows the conflguiation of the pixel sequential rendering apparatus 20, the 
display list store 13 and the temporary rendering stores 30. Ttie processing stages 22 of 
tiie pixel-sequential render apparatus 20 include: 

an instruction executor 300 (which is described in more detail in the section herein 
entitled "1.0 Instruction Executor"); 

an edge processing module 400 (which is described in more detail in the section 
}Kxwsitxiiiif\sA"2.0 Edge Processing MiMe''); 

an activity dctcnnination and instiuaion generation module 300 (which is 
described in mote detail in the sectioD htsrein entitled "3.0 Activity Dzlennination and 
InsnvcUon Generation Module"): 

a fill colour detennination module 600 (which is described in more detail in the 
section herein entitled '4. 0 Fill Colour Determination Module "); 

a pixel compositing module 700 (which is described in more detail in the section 
herein entitled "J O Pixel Compositing Module "): and 

a pixel output module 800 (which is described in more detail in the section herein 
entitled "6.0 Pixel Output Module");. 

The processing operations use the temporary stores 30 which as noted above, may 
share the same device (eg. magnetic disk or semiconductor RAM) as the display list 
store 13, or may be implemented as individual stores for reasons of speed optimisation. 
The edge processiiig module 400 uses an edge record store 32 to hold edge information 
which is carried forward fiom scan-line to scan-line. The activity detennination and 
Instruction generation module SOO uses a level activation table 34 to hold information 
about operator perfomiance, and the current state of the activity of each region wifti 
respect to edge crossings while a scan-line is being rendered. The fill colour 
detennination module 600 uses a fill data table 36 to hold infivmation required to 
determine tlie fill colour of a particular priority at a particular position. The pixel 
compositing module 700 lises a pixel compositing stack 38 to hold intermediate results 
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during (he detecmination of aa ouCpul pixel that tequiics the colours Trom multiple 
piioiities to determine its value. 

The display list state 13 and the other stores 32-38 detailed above may be 
implemented in RAM or any other data storage technology. 

The processing steps shown in the embodimeat of Fig. 3 take the fonn of a 
processing pipeline 22. In this case, the modules of the pipeline may execute 
simultaneonaly on different portions of image data in parallel, with messages passed 
between them as described below. In another emhodinient, eacli message destvibed 
below may take the foim of a synchronous tiansfer of control to a downstream module, 
with ttpstieam processing suspended until the downstream module completes the 
piocesBing of the message. 
1.0 Instruction Executor 

The instruction mecutor 300 reads and processes instructions from the instruction 
stream 14 and fbnnats the instroctions mto messages that aie transferred via an output 
398 to the oOier modules 400. SQO, 600 and 700 mthin the pipeline 22. In the preferred 
embodiment, the mslniction stream 14 may include the instructions: 

LOAD_PRIORnY_PROPERTIES; This instruction is assomated with data to be 
loaded into the level activation table 34, and an address in that table to which the data is 
to be loaded. When this itistniction is encountered by the instruction executor 300, the 
instruction executor 300 issues a message for the storage of the data in the specified 
location of the level activation table 34. This may be accomplished by formatting a 
message contaimng this data and pasting it down the processing pipeline 22 to the 
activity determination and instruction generation module 500 which perfonns the store 
operation. 

LOAD_tlLL_DATA: This instruction is assodated with data to be loaded into the 
fill data table 36. and an address in that table to which the data is to he loaded. When this 
instruction is emnuntered by the instniction executor 300, the instruction executor 300 
issues ft mes$«^ for the storage of the data at the specified address of tlw fill data 
table 36. This may be accomplished by formatting a message containing this data and 
passing it down the processing pipeline 22 to the fill data determination module which 
perfonns the store operation. 

LOADJ>nBW_EDOES_AND_KENDER: This instruction is associated with an 
address in the display list store 13 of new edges 13 which are to be uitroduced into the 
rendering process when a next scan line is rendered. When this instruction is encountered 



!|#P,S 2002-56396 



by the inslruclion executor, th« instruction executor 300 formats a message containing 
this data and passes it to the edge piQccssing module AGO. The edge processing 
module 400 stores the address of the new edges in the edge record store 32. The edges at 
the spoclfied address are sorted on their initial scan line intersection ooordinate before the 
next scan line is rendered. ]n one embodiment, the edges are sorted by the display list 
generation process 12. In another embodiment, the edges are sorted by the pixel- 
sequential rendering apparatus 20. 

SET SCAN LINE_LENGTH: This instruction is associated with a number of 
pixels which are to be produced in each rendered scan line. When this instruction is 
encountered by the instruction executor 300, the instruction executor 300 passes the value 
to the edge processing module 400 and the pixel compositing module 700. 

SET_OPACrrY_MODE: This instruction is associated with a (lag which indicates 
whether pixel compositing opetations will use an opacity channel (also known in the art 
as an alpha channel). When this instruction Is encountered by the instnictinn 
executor 300. the instruction executor 300 passes the flag value in the pixel compositing 
module 700. 

The inslruclion executor 300 is typically formed by a microcode state machine 
which maps instructions and decodes them into pipeline operations for passing to the 
various modules. A corresponding software process may alternatively be used. 
2.0 Edge Processing Module 

The operation of the edge procesnng module 400 during a scan line render 
operation will now be described with reference to Fig. 4. The initial conditions for the 
rendering of a scan line is the availability of three lists of edge records. Any or all of 
these lists may be empty. These lists are a new edge list 402. obtained firom the edge 
information 15 and which contains new edges as set by the 
LOAD_NEW_EDGES_AND_RENDBR instruction, a main edge list 404 which contains 
edge records carried forward from the previous scan line, and a spill edge list 406 which 
also contains edge records carried forward from the previous scan hne. Each edge record 
may include: 

(i) a current scan line intersection cooidinate (referred to here as the X 
coordinate), 

(ii) a count (reiiBrted to herein as NY) of how many scan lines a current segment 
of this edge will last for (in some embodiments this maybe represented as a Y limit). 
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(iii) a value to be added to the X Coordinate of this edge record after each scan line 
(tefcired to here as the DX), 

(iv) a value to be added to the DX of this edge tccord after each scan line (referred 
to here as the DDX), 

(v) one or moic priority numbers (PX 

(vi) a direction (DIR) flag which indicates whether the edge crosses scan lines in 
an upward (+) or a downward (-) manner, and 

(vii) an address (ADD) of a next edge segment in the list. 

Such a format accommodates vectors, orthogonally arranged edges and quadratic 
curves. The addition of further parameters. DDDX for example, may allow such an 
anangement to accommodate cubic curves. In some applications, such as cubic Bezier 
spline, a 6-order polynomial (ie: up to DDDDDDX) may be required. 

For the example of the edges 84 and 94 of Fig, 8, the corresponding edge records at 
scan line 20 coiild read as Mows in the Table as shown in Fig. 16 of the drawings: 

In this description, coordinates which step from iwxel to pixel along a scan line 
being generated by the rendering process will be referred to as X coordinates, and 
coordinates which step from scan line to scan line will be referred to as Y coordinales. 
Preferably, each edge list contains zero or more records placed contiguously in memory. 
Other storage atrangements, including the use of pointer chains, are also possible. The 
records in each of the three lists 402, 404 and 406 arc ananged in order of scan line 
intersection (X) coortfinatc. This is typically obtained by a sorting process, initially 
managed by an edge input module 408 which recetves messages, including edge 
information, fixim the instruction executor 300. It is possible to relax the sort to only 
regard the integral portion of each scan line inteisecflon ooordinate as significant. It is 
also possible to relax the sort further by only regarding each scan lino intersection 
coordinate, clamped to the mitiimum and maximum X coordinates which are being 
produced by the current rendering process. Where appropriate, the edge input 
module 408 relays messages lo modules $00, 600 and 700 downstream in the pipeline 22 
via an output 498. 

The edge input module 408 maintains references into and receives edge data from 
each of the three lists 402, 404, and 406. Each of these refixences is initialised to refer Co 
the first edge in each list at the start of processiiig of a scan fine. Thereafter, the edge 
input module 408 selects an edge record torn one of the thiea rsfbrenced edge records 
such diat the record selected is the one with the least X coordinate out of the three 
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referenced records. If two or more of the X-records are equal, each are processed in any 
order and the corresponding edge crossings output in the following ^hion. TTie 
reference which was used to select that record is then advanced to tlie next record in that 
list. The edge just selected is fonnatted into a message and sent to an edge update 
module 410. Also, certain flags of the edge, in pardcutar die cuireni X, the pnorrty 
numbers, and the direction flag^ are fonnatted into a message which is forwarded to the 
activity determination and inslmction gcnetaCion module SOO as an output 498 of the 
edge processing module 400. Embodimenls which use more or fewer lists Oian tiiose 
described here are also possible. 

Upon receipt of an edge, the edge update module 41 0 decrements the count of how 
many scan lines for which a cunent segment will last. If that count has reached zero, a 
new segment is read from the address indicated by the next segment address. A segment 
specifies: 

(i) a value to add to fhe cuirent X coordinate immediately the segment is read, 

(ii) a new DX value for the edge, 

(iii) a new DDX value for the edge, and 

(iv) a new count of how many scan lines (or which the new segment will last. 

If there is no next segment available at the indicated address, no further processing 
is performed on that edge. Otherwise, the edge update modub 410 calculates the X 
coordinate fbi the next scan line for the edge. This typically would involve talcing the 
cunetit X coordinate and adding to it the DX value. The DX may have the DDX valve 
added to it, as appropriate for the type of edge being handled. The edge is then written 
into any available bee slot in an edge pool 412, which is an array of two or more edge 
records. If there is no free slot, the edge update module 410 waits for a slot to become 
availabla Once the edge record is written into the edge pool 412, the edge update 
module 410 signals via a line 416 to an edge output module 414 that a new edge has beeti 
added to the edge pool 412. 

As an initial condition for the rendering of a scan line, the edge output module 414 
has re^mnces to each of a next main edge list 420 and a next spill edge list 422, not seen 
in Fig. 4 but associated with the lists 404 and 406 in the edge record 32. Each of these 
rcfixences is iiiitialised to the location where the^ ioitially empty, lists 420 and 422 may 
be built up. Upon receipt of the signal 416 indicating that an edge has been added to the 
edge pool 41 2, the edge output module 4 14 determines whether or not the edge just added 
has a lesser Xcoordinate than the edge last written to the next main edge list 420 (if any). 
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If this is true, a "spill" is said to have occuired because the edge cannot be appended to 
Uie main edge list 404 without violating its ordering criteria. When a spill occurs, the 
edge is inserted into the next Spill edge list 422, preferably in a mmner that maintains a 
sorted next spill edge list 422. For example this may be achieve using a software sorting 
routine, In some embodiments spills may be triggered by other conditions, such as 
excessively large X coordinates. 

If the edge added to the edge pool 412 has an X coordinate greater than or equal to 
the edge last written to the next main edge list 420 (if any), and there are no free slots 
available in the edge pool 412, the edge output module 414 selects the edge &oni the edge 
poor412 wMcb has 6)e least X oooidinate, and appends that edge to the next main edge 
list 420, extending it in the process. The slot in the edge pool 412 which was occupied by 
that edge is then marked as free. 

Once the edgp input module 408 has read and forwarded all edges from all three of 
its input lists 402, 404 and 406, it formats a message which indicates that the end of scan 
line has been reached and sends the message to bottl the activity detcnuination and 
instniction generation module 500 and the edge update module 410. Upon receipt of that 
message, the edge update module 410 waits for any processing it is currently performing 
to complete, then forwards the message to the edge ou^ut module 414. Upon receipt of 
the message, dw edge output module 414 writes all remaining edge records from the edge 
pool 412 to the next main edge list 404 in X order. Then, the icfcrenoe to the lusict main 
edge list 420 and lhc main edge list 404 are exchanged between the edge input 
module 408 and the edge output module 414, and a similar exchange is performed for the 
next spill edge list 422 and the spill edge list 406. In this way the initial conditions for the 
following scan line are established. 

Rather fcan sorting the next spill edge list 422 apon insertion of edge records 
thereto, such edge records may be merely appended to the list 422, and the lisl 422 sorted 
at the end of the scan line and before the exchange 1o the cunrent spill lisl 406 becomes 
active in edge rasterisation of the next scan line. Other methods of sorting the edges 
involving fewer or more lists may be used, as well as different sorting algarilhma. 

It can be deduced from the above that edge crossing messages are sent to the 
activity detemiination and instmction genendos module SOO in scan line and pixel order 
(that is, they ate oideted fiistly on Y and then on X) and that each edge crossing message 
is labelled with the priority to which it applies. 
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Fig. 12A depicts a specific sinicture of an active edge record 418 that may be 
created by the edge processing module 400 when a segment of an edge is received. If the 
first segment of the edge is a step (orthogoii£) segment^ the X- value of the edge is added 
to a variable called "X-step" for ihe first segment to obtain the X position of the activated 
edge. Otherwise, the X-value of the edge is used. This means that the edges in the new 
edge record must be sorted by Xgdge ^ ^lep- The Xgiq, of the first segment should, 
therefore, be zero, in order to simplify sorting the edges. The Y-value of Ihe first segment 
b loaded into fee NY field of Ihe active edge record 418. The DX field of the active 
edges copied from the DX field identiftet of vector or quadratic segments, and is set to 
zero for a step segment. A u-flag as seen in Fig. 12A is set if the segment is upwards 
heading (see the description relating to Fig- I3A). A q-flag is set if the segment is a 
quadratic segment, and cleared otherwise. An i-flag is provided and is set if the segment 
is invisible. A d-flag is set when (he edge is used as a direct clipping object, without an 
associated clipping level, and is applicable to closed curves. The actual priority level of 
the segment, or a level address is copied from Oie comesponding field of the new edge 
recoid into a level (ADDH) Geld in the active edge recoid 418. A segment addtess^DX 
field of the active edge record 41 8 is either the address of the next segment in the segment 
list or copied from the segment's DDX value, if the segment is quadratic. The segment 
address is used to terminate an edge record. As a consequence, in the prefared 
embodiment, any quadratic curve Oe: feat uses the DDX filed) will be a terminal segment 
ofanedgBiecord. 

It will be appreciated from Fig. 12A that other data structures ate also possible, and 
necessary for example where higher^rder polynomial implementations are used. Further, 
the segment address and the DDX Geld may be separated into diiferent fields, and 
additional flags provided to meet alternate Iniplementations. 

Fig. 12B depicts the arrangemeat of the edge records described above in (he 
preferred embodiment and used in Ihe edge processing module 400. The edge pool 412 is 
supplemented by a new active edge record 428, a current active edge record 430 and a 
spill aetiye edge record 432. As seen in Fig. 12B, the records 402, 404, 406, 420 and 422 
Bi« dyiuunically variable in size depending upon the number of edges being rendered at 
any one lime. Eadi reoonl includes a limit value which, for tlte case of the new edge 
list 402. is determined by a SEE value incorporated with the 
LOAD_EDGES_AND_RENDER instruction. When such an instruction is encountered. 
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SIZE is checked and if non-zero, the address of the new «dge record is loaded and a limit 
value is calculated which determines a limittrtg size for the list 402. 

Altlioughlhe prefcned embodimeots utilises arrays and associated pointers for the 
handling of edge records, other implementations, such as linked lists for example may be 
used. These other implementations may be haidwate or softwate-based, or combinations 
thereot 

The specific rendering of the imago 78 shown in Fig. 8 will now be described with 
[eference to scan lines 34, 35 and 3<i shown in Fig. 10. In this example, the calculation of 
the new X co-oidinal6 for the next scan line is Dtnitied ibr the purposes of clarity, with 
Figs. 12C to 121 illustrating the output edge crossing being derived from one of the 
registers 428, 430 and 432 of the edge pool 412 

Fig. 12C illustrates the state of the lists noted above at the end of rendering scan 
line 34 (the top portion of the semi-trmspoxnt blue triangle 80). Note that in scan line 34 
there are no new edges and hence the list 402 Is empty. Bach of the main edge lists 404 
and next main edge list 420 include only the edges 82 and 84. Each of die lists includes a 
corresponding pointer 434, 436, and 440 which, on completion of scan line 34, point to 
the next vacant record in the corresponding list. Each list also inchides a limit 
pointer 450, denoted by an asterisk (*) which is required to point to the end of the 
corresponding list, [f linked lists were used, such would not be required as linked lists 
include null pointer terminators that perform a corresponding flinctioa 

As noted above, at the commencement of each scan line, the next main edge h'st 420 
and the main edge list 404 are swapped and new edges are received into the new edge 
list 402. The remaining fists are cleared and each of the pointers set to the first member 
of each list. For the commencement of scan line 3 5, the arrangement then appears as seen 
in Fig. 12D. As is apparent from Fig. I2D, the lecords include four active edges which, 
from Fig, 10, are seen to correspond to the edges 92, 94, 84 and 82. 

Referring now to Fig. 1 2E, when rendering starts, the first segment o f the new edge 
record 402 is loaded into an active edge record 428 and the first active edge records of the 
main edge list 404 aad spill edge list 406 are copied to records 430 and 432 respectively. 
In this example, the spill edge list 406 is empty and hence no loading takes place. The X- 
positions of the edges within the records 428. 430 and 432 are then compared and an edge 
crossing is emitted for the edge with the smallest X-position. In this case, the emitted 
edge is that corresponding to the edge 92 which is output together with its priority value. 
The painters 434, 436 and 438 are then updated to point to the next record in the list. 
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The edge for which the edge crossing was emitted is then updated (in diis case by 
adding DX = 0 to its position), and bufTered to the edge pool 412 which, in this example, 
is sized Co retain three edge records. The next entiy in the list ftom which the emitted 
edge arose (in this case list 402) is loaded into the coiresponding record (in this case 
recotd 42S). This Is seen in Fig. IZF. 

Further, as is apparent from Fig. I2F, a comparison betwe^ the registers 428, 430 
and 432 again selects the edge with the least X-value which is output as the appropriate 
next edge crossing (X=85, P=2). Again, the selected output edge is updated and added to 
the edge pool 412 and all the appropriate pointers tncremeated. In this case, the updated 
value is Eiv«l by X <- X + DX, which is evaluated as 84 = 85 - 1 . Also, as seen, the new 
edge poi nter 434 is moved, in this case, to the end of the new edge Hst 402. 

In Fig, 12G, the next edge identified with the lowest cuirenl X-value is again that 
obtained ftorn Oie register 430 which is outpnt as an edge crossing (X-llS, P=2). 
Updating of the edge again occurs with (he value be added to flie edge pool 412 as shown. 
At this time, it is seen that the edge pool 412 is now fUU and fiom which the edge with the 
smallest X-value is selected and emitted to the on^ut list 420, and the corresponding 
limited pointer moved accordingly. 

As seen in Fig. 12H, the next lowest edgp crossing is that bom the register 428 
which is output (X-ldO P^l). The edge pool 412 is again updated and the next small X- 
value emitted to the output list 420. 

At the end of scan line 33, and as seen in Fig. 121, the contents of the edge pool 412 
are flushed to the output list 420 in order of smallest X-value. As seen in Fi& 121, the 
ncKt main edge list 420 and the main edge list 404 are swapped by (^changing that 
pointers in anticipation of rendering the next soan line 36. Aiiei the swapping, it is seen 
from Fig, 12} that the contents of the main edge list 404 include all edge cunent on scan 
line 36 arranged in order of X-position thereby petmilting their convenienl access which 
facilitates fast rendering. 

Ordinarily, new edges are received by the edge prooessing module 400 in order of 
incieasing X-position. When a new edge arrives, its posidon is updated (calculated for 
the next scan line to be tendered) and this detenmines further action as follows: 

(a) if the updated position is less than the last X-position output on the line 498, 
the new edge is iasectioQ sotted into the main spill list 406 and the corresponding lindt 
register updated; 

(b) otherwise, iftfaere is space, it is retained in the edge pool 412. 
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As IS apparent from the forgoing, the edge pool 412 aids in the updating of the lists 
in an ordered manner in anticipation of rendering the next scan line in the rasterised 
image. Further, the size of tlK edge pool 412 may be varied to accommodale larger 
DUtnbera of non-oidered edges. However, it will be appreciated that in practice the edge 
pool 412 will have a practical limit, generally dependent upon piocessins speed and 
available memory with the graphic processing system. In a limiting s«ise, the edge 
pool A 12 may be omitted which would ordinarily require the updated edges to be insertioQ 
sorted into the next output edge list 420. However, in the preferred embodiment this 
situation is avoided, as a notmal occurrence through the use of the spill lists mentioned 
above. The provision of the spill lists allows the preferred embodiment to be 
implemented with an edge pool of practical size and yet handle relatively complex edge 
intersections mthout having to resort to software intensive sorting procedures. In those 
small number of cases where the edge pool and spill list are together Insuffidem to 
accommodate tliB edge intersection complexity, sorting methods may be used. 

An example of where the spill list pioceduie is utilised is seen in Fig. 13A where 
three arbitrary edges 60, 61 and 63 intersect an arbitrary edge 62 at a relativo position 
between scan lines A and B, Further, the actual displayed pixel locations 64 for cadi of 
soan lines A, B, are shown which .span pixel locations C to J. In the above described 
example where ttie edge pool 412 is size to retain three eige records, it will be apparent 
that such BU airaogement alone will not be sufficient to accommodate three edge 
inletsections occuning between adjacent scan lines as illustrated in Fig. 13A. 

Fig. 13B shows the state of the edge records after rendering the edges 60, 6 1 and 63 
on scan Une. The edge crossing H is tfiat most recently emitted and the edge pool 412 is 
fall with the iipdated X-vahjes E, G and I ibr the edges 60. 61 and 63 respectiydy for the 
next scan line, scan line B. The edge 6? is loaded into the cuneot active edge record 430 
and because the edge pool 4 1 2 is full, the lowest X-valuc, coirespondmg to the edge 60 is 
output to the output edge list 420. 

In Fig. 13C, the next edge crossing is emitted (X = J for edge 62) and the 
conesponding updated value delennined, in this case X = C for scan line B. Because the 
new updated value X = C is less than the most recent value X = E copied to the output 
list 420, the cttircnt edge record and its coirespoHding new updated value is transfened 
directly to the output spill list 422. 

Fig. 13D shows the state of the edge records at the start of scan line B where it is 
seen that the main and output lists, and Iheir conesponding spill componmts have been 
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swapped. To determine the first emitted edge, the edge 60 is loaded into the current 
active edge regisler 430 and the edge 62 is loaded into the spill active edge register 432. 
The X-val»es are compared and the edge 62 v^itb the least X-value (X = C) is emitted, 
updated and loaded to the edge pool 4 1 2. 

Edge emission and updating continues for the remaining edges in the main edge 
list 404 and at the end of the scan line, the edge pool 412 is flushed to reveal the sitoatioa 
shown in Fig. BE, where it is seen that each of the edges 60 to 63 are appropriately 
ondered for rendering on the next scan line, having been correctly emitted and rendered on 
scan line B. 

As will be apparent form the forgoing, the spill lists provide for maintaining edge 
rasterisation order in the presence of complex edge crossing situations. Further, by virtue 
of the lists being dynamically variable in size, large changes in edge intersection numbers 
and complexity may be handled without this need to resort to sorting procedures in all but 
exceptionally complex edge intersections. 

Ill the preferred embodiitnent the edge pool 412 is sized to retain eight edge records 
and, size of tlie lists 404, 420 together with (heir associated spill lists 406, 422, is 
dynamically variable therdjy providing sufficient scope for handling large images with 
complex edge crossing requirements. 

3.0 Activity Determination and Instruction Generadon Module 

Expression trees are often used to describe the compositing operations required to 
form an image, and typically comprise a pluralitjr of nodes including leaf nodes, unary 
nodes and binary nodes. A leaf node is the outermost node of an expression tree, has no 
desoendent nodes and represents a primitive constituent of an image, namely a graphic 
object. Unary nodes represent an operation, which modifies the pixel data of the object 
coming out of the part of the tree below the unary operator. A binary node typically 
branches to left and rigltf sub-trees, wherein the sub-trees each comprise at least one leaf 
node. The binary node r^resents an operation between one object on one branch and 
another object on another bianch. 

Examples of such operations are desciibed in 'Compositing Digital Images", Porter, 
T; Dutj; T; Computer Graphics, Vol. 18 No. 3 (1984) pp. 253-259. Some of these 
Porter and Duff compositing operations are shown m Fig IS. For ease of illustration, the 
graphic objects shown in Fig. 15 aie tUlly opaque. As can be seen, a number of these 
operators (e.g. out) do not provide data (eg. colour data) in the centre overlapping 
region of the two objecU. Generally, these operators (e.g. out) will always provide data 
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(eg. colour data) in the centre overlapping region of the two objects if one or both of the 
two objects ate partially transparent, However, there are special oases where particular 
operators provide no data in the centre overlapping region of the two objects if one or 
both of the two objects are Eiil ly opaque. 

Turning now to Fig 1 9, flicre is shown a typical example of a simple expression tree 
and a corresponding instruction list. The expiession tree comprises five leaf nodes 10, 9, 
7, 6 and 0-5 describing the graphic objects A, B, C, D and PAGE respectively. The 
expression tree also contains nodes 8, 11, 12, and 13 each having two branches and 
representing tiie operations "out", "in", "over" and "over" respectively. The instruction 
list contains a list of instructions for rendering the expression tree. However, problems 
arise when generating an instruction list for a given pixel location because the 
compositing operation depends on which of the graphic objects composited by the 
operation are active at that given pixel location. The preferred Activity Determination 
and Instruction Generation Module 500 seeks to solve these problems. 

The operation of the Activity Determination and Instruction Generation Module 500 
will now be described with reference to Fig. 5. The Instruction Generator 300 during an 
initialisation phase passes to the Level Activation Table Generator 502 an object graphic 
description of the image to be rendered. This object graphic description is in the fom of 
an expression tree, such as for example the expression tree shown in Fig. 19. The Level 
Activation Table Generator 502 then generates a Level Activation Table, which is a linear 
form of the expression tree and stores it the Level Activation Table Store 34. The 
generated Level Activation Table contains a plurality of recoids, one record for each 
bbaiy operator node, unary node and leaf node of the expression tree. 

In addition, the Level Activation Table also contains fields for storing data on 
certain inherent properties of the binary operatoia, and fields for storing data on the 
activity of the branches of the binary operator nodes. The data concerning (lie pioperties 
of the binary operators is static, that is dependent on the actual operators used and not on 
the location of the coirently scanned pixel. Consequently, this data can be generated and 
stored in the level activation table during the initialisation phase. However, the data 
concerning branch activity is dependent upon the cuirently scanned pixel location. 
During the initialisation phase, as there is no currently active pixel location, the branch 
activity data of the Level Activation Table is initialised as inactive. 

The Pixel Sequential Rendering Apparabia 20 then commences scanning the pixel 
locations of the unage in a raster scan order. The edge processing module 400 passes to 



the Level Activation Table Update Module 504, the pixel locations of the edges of the 
current BCan line being scanned. The Level Activation Table Update Module 504 
accesses the Level Activation Table ficom (he store 34 and updates the Table depending 
upon which pixel location is cuirently being scanned. Por ease of implementation, the 
Table is updated only once foi those pixel locations between adjacent edges. Tliis is 
based on the recognition that the instruction list for rendering the mpteBslon tree is (he 
same for the group of pixel locations between any two adjacent edges of a scan line. 
Alternatively, the Table can be updated for each scanned pixel location. 

The Traversal and bistiuction Oenerator Module 506, then generates instructions 
based on (his updated Level Activation Table which instructions are then passed onto the 
Fill Colour DBtBrmioation Module 600. This process is continued for each group of pixel 
locations betweai adjacent edges until the image is rendered. 

Before proceeding with any further with the description of the preferred 
embodiments, a brief review of lerminology used herein is discussed. 

Turning now to Figs. 1 8A and 1 SB, there is shown a binary operation (illustrated as 
an expression tree) between a source object L and a destination object R. The expressioa 
tree has a binary node OP with a left branch to the object L and right branch to the 
objoot R. An object is considered to be active at a pixel if the currently scanned pixel is 
inside the boundary edges, which apply to the object. If the pixel is outside the boundary 
edges then the object is inactive at that pixel. Thus die object will be active during the 
scanning of those group of pixels inside the boundaiy edges. The branch of an operator to 
an object is considered to be active if the object is active. 

Regardless of the actual operatian being performed, the binary operation of 
Fig. 1 8A resolves into four regions of activity as indicated below: 

Region 1. Lob)ectactivG,Robject inactive (LDR); 
Region 2. L olgect active, R object active (LP R); 
Region 3. L object inactive, R object active (LRR )i and 
Region 4. L object inactive, R object inactive { HJR )• 

Region 4 always results in no operation (NOP) being required to be perfonned and 
as a consequence, there exists three diffenent combinaQons of active levels for a binary 
tree. For ease of explanation, the region (LDR) is referred to herein as the left node 
region, or left region, the region (LflR ) is referred to herein as the ti^ node region, or 
rig^t region, and the region ( LHR } is referred to herein as the common region. The left 
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node region and the right node region are associated widi the left and right branches of 
the parent node respectively and canespond to the objects operator order (eg L op R) and 
not dieii locadon iu the image. 

For the purposes of this description, a binary operator is considered to be active if it 
provides data up the tree. The activity of a binary operator is an inhKcnt property of the 
operator itself and the activity o f its left and right branches. 

As an example, compare the "out" operator of Fig. 13 with Fig. ISA. The "out" 
operator has the inherent property of passing data up the tree for the region (LflR) 
inespective of whether the top (left branch) object is partially iransparent or opaque; and 
in the common region (LpR^) only if the lower (right branch) object is partially 
transparent, the former case, this will only occur when its left branch becomes active 
and right brarich inactive for the currently scanned group of pixels. In the latter case, this 
will only occur when the riglit and left brarx:hes are both active for the currently scanned 
group of pixels. On the other hand, the "out" operator has the inherent property of 
passing no data up the tree for the region (LflR ), inespective of whether the lower (right 
branch) abject is partially transparent or opaque. 

As another example, compare the 'W operator of Fig. 15 with Rg. 18A. The "in" 
operator has the inherent property of passing data (eg colour data) up the nee for the 
region ( LPIK. )■ However, this will only occur when its left and right branclves are active. 
On the other hand, die "iu" operator has the inherent property of passing no data up the 
tree for the regions (En R- ) and ( LflR )• 

As another example, compare the '^rout" operator of Fig. 15 with Fig. ISA. The 
"rout" operator has the inbaeut property of passing data up the tree for the region 
(LflR), inespective of whether the top (right brancb) object is partially transpaient or 
opaque; and in the common region (LflR) only if the lower (left branch) object is 
partially transparent, In the former case, this will only occur when its left branch 
becomes active and right branch inactive for the currently scanned group of pixels. In the 
latter case, this will only occur when the right and left branches are both active for the 
cuirently scanned group of pixels. On the oOier hand, the "rout" operator has the inherent 
property of passing no data up the tree for the region (LflR). irrespective Of whether the 
lower (left branch) object is partially transparent or opaque. 
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It should be noted that there is a distinction between the perfonnance of a binary 
operator and its activity. A binary operator will only perform an operation when both its 
branches arc active. Otherwise; llie result is taken directly from the active branch, if 
required by the operator. 

The Activity Detennination and Instruction Generation Module 500 traverses and 
generates instructions depending upon of the activity of the binary operators, the activity 
of the branches of the ^qiression tree, and the activity of the grapliic objects (leaf nodes). 

The manner in which these instnictions arc generated will be described with 
reference to the example shown in Fig. 20. Fig. 20 shoiws the expression tree of Fig. 19, 
where object C is active and shows a corresponding instruction list generated by the 
Activity Determination and Instruction Generation Module 500. The Module 500 
initially determines the afoiementioned inherent propeilies of the operators of the 
expreasioii tree. These properties are permanently stored (not shown) for retrieval and 
use by thb module 500. In the example shown in Fig. 20, the Module SOO rettieves (he 
binary operator properties of the "over", "in", and "out" operators ftora storage. These 
properties arc stored in logic form. For example, the properties of the "over" operator are 
stored as (inR)-TRUB and (LnR)-TRUE. Namely, the "over" operator has the 
capability of passing data up the tree for these regions. In another example, the properties 
of the 'W operator arc stored as (LnR)-FALSE and (LflRhFALSE. Namely, the 
"in" operator does not have the capability for passing data up the tree for these regions, 
la still another example, the properties of Ihc "out" operator are stored as { LOR )=TRUE 
and (LnR)=FALSE. As will become apparent the inherent property of the biiwiy 
operator in the region (LDR) is not necessary for the performance of the Module SOO 
and is not stored in memory, as thebiiury <^ctation of the node will always be performed 
when the tight and left braiwhes are active. 

In the example of Fig. 20, the Activity Deteimmation and hislruction Generation 
Module 500 after the initialisation phase then determines for a particular group of scanned 
pixel locations, that object C is active and Objects A, B, and D are inactive. The Module 
500 determines the activity of the branches of each of the binary nodes from the activity 
of the objects. Namely, all the branches directly coupling the active leaf node objects 
(e.B. Oycct C and PAGE) to the itxrt node (eg. 13 ) will be active, fa this description, an 
active left branch is designated as L Active = TRUE, an mactive left brancli is designated 
as L Active = FALSE, an active right branch is designated as R Active = TRUE, and an 
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inactive right branch is designated as R Active ■= FALSE. In the example of Fig. 20, the 
Module 500 deteimines that: 

(i) the left and right branches of binary node 13 are aciive (ie. L Active = 
TRUE and R Active = TRUE); 

(ii) the left branch is inactive and the right branch i« active of binary node 12 
(ie L Active = FALSE and R Active = TRUE); 

(iii) die left and right branches of binary node 1 1 are inactive (ie L Active = 
FALSE and R Active = FALSE); and 

(iv) the left branch is active and the iig}it branch is Inactive of binary node 8 
(ie. L Active = TRUE and R Active = FALSE). 

For the purposes of this description, the symbols && , || .and i as used herein 
refer to the binary logic operators AND, OR and NOT respectively. 

The Activity Detecmination and Ihstruclion Generation Module SCO then traverses 
and generates instmctions fbr the current group of scanned pixel locations depending 
upon of the activity of the binary operators, tt» activity of the brandies of the eKpression 
tre^ and tiie activity of the graphic objects (leaf nodes). The Module SCO traverses the 
expression tree ooriinencing at the root node (eg. node 13) in a top down - leit to right 

The Module 500 traverses only those branches of the expression tree that satisfy the 
following conditions: 

(1) the left braiKh of any previously traversed binary node is traversed to its. 
deseendcnt node if (L active && R active) || ((LflR) && L active && !R active) 
=TRUE for die previously traversed binary node. 

(2) the right branch of any previously traversed binary node is traversed to its 
deseendcnt node if (L active && R active) 1| (LDR) && !L active && R 
active)=TRUE for (he previously traversed binary node. 

The Activity Deternunation and Instruction Generation Module 500 generates 
during tiie same time as the traversal, operator instmctions for any of the traversed binary 
nodes having active right and left biandws, and leaf value iusttuctions for any of the 
tiaveracd leaf node. 

In the Example of Fig. 20, the Activity Detennination and Instruction Generation 
Module 500 begins its traversal at root node 13. As both the left and rigjlt brunches of the 
root node 13 are active, the Module 500 gaierates an "over" operator instruction. For the 
same reasons, the Module 500 will traverso to binary node 12 and binary node 0-5. As 
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the Module 500 traverses in a top down left to right manner, it first traverses lo binary 
node 12. Al this binary node 12, the Module 500 docs not generate an "over" operation, 
as the left branch of the binary 12 is inactive. For the same reasons, the Module 500 does 
not traverse the left branch to binary node II. However, as the right branch of binary 
node 12 is active and the left branch of binary node 12 is inactive and as ( LRR ) = TRUE 
forthe "over" operator, tbe Module 300 Iraveises to binary node 8. At this binary node 8, 
the Module 500 does not generate an "out" operation, as the riglrt branch of the binary 8 
is inactive. For the same reasons, the Module 500 does not traverse the right branch to 
leaf node 6. However, as Oie left branch of binary node 8 is active and the right branch of 
binaiy node 8 is inactive and as (LDR) = 'niUE for Oie "out" operator, the Module SCO 
traverses to leaf node 7, where the Module SOO generates a leaf value instruction C. The 
Module SOO then returns to root node 13 to baverse Co' leaf node 0-3, where the 
Module 500 generates a leaf value instruction PAGE. Comparing Figures 19 and 20, it 
can thus be seen thai the Module SOO generates a minimal instruction set correspondiug to 
the expression tree for that current group of scanned pixel locations, The Module SOO 
will then repeat the operation for the next group of scanned pixel locations between tbe 
next adjacent edges. 

The operation of the components of the Activity Detenninatiou and Instruction 
Generation Module 500 will now be described in more detail with reference to Fig. 5. 

As mentioned aibovc, the Level Activation Table Generator 502 generates a Level 
Activation Table, Turning now to Fig. 2 1 , there is shown an example of such a generated 
Level Activation Table. This particular Level Activation Table represents a linearised 
form of the expression tree shown in Fig. 19. The Level Activation Table of Fig. 21 has a 
record for each node of the expression tree. These records each have the following fields 
"Index", "L Active", "R Active", "(LriR)", "(CnR)", "LeafOperator Entry", "Node 
Active", "Parent", "Node is L", "Generate L", "Generate R", "(LRR ) op used", and "R 
Branch Index". The contents of the fields 'Index", "(LflR)", "(LTIR)", 
"LeafOperator Entry", "Parent", "Node is L", and "R Branch Index" arc static in that 
they do not vary as a function of the current scanned pixel location. On tlie other hand, 
the contents of the fields "L Active", "R Active". "Node Active", "Generate L", 
"Generate R" and "(LHR ) op used" vary depending upon the currently scanned 
pixel location. The latter fields are updated by Ihe Level Activation Table Update 
Module 504, for each gioup of pixel locations between the adjacent edges. 
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The "Index" field contains a numeric label of the node associated with the relevant 
record. For example, the record corresponding to the node 12 of Fig. 19 has an "Index" 
field set to 12. The "Parent" field contains the numeric label of the parent node of the 
node associated witli the record. For example, the record corre^xinding to the node 12 of 
Fig. 19 has the "Parent" field set to IZ Namely, the pareitt node of node 12 is node 13. 
Tlie "R branch Index" field containa a imineiic label of the node desccndent on the tight 
branch of the node associated with the rccoid, For exainple, the record corresponding to 
the node 12 of Fig. 19 has the "R branch Index" field set to S. Namely, the node on the 
right branch of node 12 is node 8. The 'Vode is L" field is a logic field indicating 
whether or not the node associated with Ihe record is descendant from its parent node's 
lefl branch. For example, the record corresponding to node 1 2 has the "Node is L" field 
set to TRUE (1). Namely, node 12 is descendant firom parent node 13 via the parent 
node's 13 left branch. The "Leafi'OperBtor Entry field contains the binary operator of the 
binary node or the objetA of the leaf node, which is associated with the relevant record. 
For example, the recxird corresponding to the binary node 12 of Fig 19 has the 
"Lea&Operator Entry" field set to the compositing operator "ova". In another example, 
the record corresponding to the leaf node 7 of Fig. 19 has the "LeaDOperator Entry" field 
set to object "C". in this way, the strucniie of the expression tiee can be fiiUy 
reconstructed. 

The "L Active" field is a lo^c field indicating whether the lefl branch of the binary 
nods corresponding to the record is active or. not depending upon the current group of 
scanned pixels. Similarly, Ihe "R. Active" field is a logic field indicating whether the tight 
branch of the binary node con«$ponding to the record is active or not depending upon the 
currait group of scanned pixels. During the initialisation phase there are no currently 
scanned pixeU, tta» all "L Active" and "K. Active" fields of the binary nodes can be set to 
FALSE (0), with the possible exception of the "R Active" field of the root node. For 
example, the "R Active" field of the record corresponding to the root node 13 of Fig. 19 
is set to TRUE (1), as the right branch of the node 13 is always active iirespective of the 
scanned pixd. It should be noted thai as leaf nodes have no branches, there is no need to 
set the "L Activtf ' and "R Active" fields for the corresponding records. 

The "(LflR)" fieW is a logic field indicating whether or not data from this region 
(LflR ) is required to be passed 141 the expression tree. Similarly, the "( LflR. )" field is a 
logic field indicating whether or not data from this region ( LflR ) is required to be passed 
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up the expression tree. As mentioned above, this is an inbcrenl property of the 
compositing operator. For example, the record corresponding to node 12 of Fig. 19 has 
the field "Leat/Operator Entry" set to "over" and has the associated fields '\hr\R )"and 
"( LflR )" both set to TRUE (1), as data from both these regions are required to be passed 
up ihB tree. In another example, the record corresponding to node 1 1 of Fig. 19 has 
"LeaTOperator Bnliy" set to "in" and has the associated fields ^(LnR)"and "(LflR)" 
both set to FALSE (0) as no data from these regions are required to be passed up the tree. 
It should be noted that as these fields rdate to. binary nodes only (ic compositing 
operations) there is no need to set these fields for records corresponding to leaf nodes. 

The "Node Active" field is a logic field which is set to TRUE (1) when the 
following condition is satisfied oflierwise it is set to FALSE <0): 

( LflR && L active && !R active) 

II 

(L active && Ractive) 
II 

( LRR && !L active && R active) 

■= reuE 

For example, the fields "Node Active" for binary nodes S,U, and 12 shown in 
Fig. 19 are set to FALSE (0) during the initialisation phase as all the corresponding 
branches ( L Active and R Active) are inactive (ie, FALSE). During the imtialisation 
phase, the "Node Active" field for binary node 1 3 of Fig. 19 is set to TRUE (I ) as its right 
branch is active ( R Active = TRUE) and its left branch inactive ( L Active = FALSE) and 
the region LHR is required far the operation of the operator "over". It should be noted 
that as this field relates to binary nodes only (ic compositing operations) there is no need 
to set these fields fot records concsponding to leaf nodes. The "Node Active" field of a 
record indicates whether or not the correspoadlng binary operator is active 

The "Generate L" field is a logic field which is set to TRUE (1) when the following 
condition is satisfied otherwise it is set to FALSE (0): 

{ LflR && L active && !R active) 

II . 

(L active &&. Ractive) 
=- TRUE 



2 0 0 2 



For example, the fields "Generate L" foi all the binary nodes 13, 12, 11, and 8 of 
Fig. 19 are set during tlie initialisation phase to FALSE (0) as this condition is not met by 
any of these nodes. Namely, ihe lofl branches of nodes 8. 11, 12, and 13 are all inaclive 
ic L Active = FALSE (0). It should also be noted that as this field relates to binary nodes 
only (ie compositing operations) there is no need to set these fields for records 
corresponding to leaf nodes. 

Similarly, the "Gaierate R" field is « logic field whidi is set to TRUE (1) when the 
following condition is satisfied otherwise it is set to FALSE (0): 
(L active && Raclive) 

( En R && !L active && R active} 
== TRUE 

For example, the fields "Generate R" for the binaiy nodes 12, 11, and8 ofFig. 19 
are set during the initialisation phase to FALSE (0) as fliis condition is not met by any of 
these nodes. For instance, the right branches of nodes 8, It, and 12 are all inactive ie R 
Active = FALSE (0). ■ However, the field "Geneiaie R" for the binary node 13 iff set 
during the initialisatioii to TRUE (1) as the right branch is active, the leit branch inactive 
and (LRR) = TRUE. It should also be noted that as this field relates to binary nodes 
only (ie conopositing operations) there is no need to set these fields for records 
conesponding to leaf nodes. 

The field "(I-flR) op used" is a logic field which is set to TRUE (1) when the 
following condition is satisfied otherwise it is set to FALSE (0); 

{L active && Ractive) =TRUE 

For example, as all (he left branches of the binary nodes of Fig. 19 ai% inactive 
during the initialisation phase this field is set to FALSE (0) foe all the binary nodes. 

Taming now to Fig. 22, there is shown a logic clicuil for setting the aforementioned 
fields "Node Active", "Generate L", "Generate R", and "(LnR ) op used" of the Level 
Activation Table. This logic circuit contains a series of logic gates shown in convenlioaal 
fotmat, which is self-explanatory and need not be explained further. 

Returning now to Fig. 5, flie Level Activation Table Generator Module 502 stores 
the Level Activation Table geneiated during the initialisation phase in the monoiy 34. 
Hie Update Module 504 then retrieves this initialised Level Activation Table kx «adi 
group of scanned pixel locations between adjacent edges and updates the fields of the 
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Table. The Update Module 5(M changes the slate of the fields "L Active", "R Active", 
"Node Aclive". "Generate L", "Generate R", and "(LRR ) op used" depencfiug upon (he 
current group oT scanned pixel locations. The Update Module 504 updates the recoida in 
a predetennined manner commencing at those records of the parent nodes of the leaf 
nodes cotresponding to the active objects for that pixel location. Whenever the Update 
Module 304 changes (he slate of the "Node Active" field for a record, the Update 
Module 504 triggers a corresponding change in the state of the "L active" or "R active" 
field in the record o f the parent node, depending on the state of the "Node is L" field. Tllc 
Update Module 504 then updates the remaining fields of the record of the parent node in 
accordance with this newly changed "L Active" or "R Active field". This Updating 
pioccsa continues until a level is reached where the "Node Active" field remains 
unchanged. lii tlie event there are more than one active objects, the Update Module 
updates the table one active object at a time. 

The updating process of the Update Module 504 will now be explained with 
reference to Fig. 23, which shows an updated Level Activation Table for the expression 
tree ofFig. 20 where object C is active. The Update Module 504 first determines that the 
Object C is active for the current group of scaimed pixel locations and then retrieves the 
initialised Level Activation Table from memory 34. The Update Module 504 deteraiines 
the parent node of the active object C from the "Parent" field of the record of leaf node C. 
The update Module then proceeds to update the records of the table in the following 
manner commeiidng with the parent node of object C (record 8>: 

- the 'X Active" field in the parent node (record 8) is set; 

- this asserts the "Generate L" field in record 8; 

- the "Node Active" field is set in record 8; 

- the "R active" field in the parent node (record 12) is set; 

- this asserts the "Generate R" field in record 12; 

- the "Node Active" field is set in record 12; 

- the '1, Active" field is set in the parent node (record 13); 

. this asserts the "Generate L" and "LnR op used" fields in record 13; and 

- the '^ode Active" field in record 13 is already set, so processing stops. 
At this point, the table is in a correct state for generating instructions, 

Returning now to Fig. 5, the Update Module 504 stores this updated Level 
Activation Table for the current group of scanned pixel locations in memory 34 which is 
then retrieved by the Traversal and Insiruciion Generator Module 506. The Traversal and 
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[nstniction generator Module 506 is a stack-machine based robot, which traverses the 
expression iree top-down, generating instructions in accordance with the updated Level 
Activation Tabic, The stack is used to store the "R branch Index" of a record. The stack- 
raachine perfoims the following operafioos in accordance with the following pseudo- 
code: 

IF Node is operation 
THEN 

IF LnR op used flag is set 
THEN 

add operation to instruction list 
ENDIF 

IF Generate R flag is set 

Push R t}raiich Index on the stack 
ENDIF 

IF Generate L flag is set 
Process next entry 

ENDIF 
ELSE (Node is a leaf) 

Add leaf value instruction to instnjctlon list 
ENDIF 

IF stack is empty 
THEN 

STOP 
ELSE 

Pop Index off stack 

Process the entry 
ENDIF 

The traversal and instruction generating process of the Instruction Module 506 will 
now be explained with reference to Fig. 23, which shows an updated level activation table 
for the expression tree of Fig. 20 where object C is active. The generation of ioshnctions 
in accoidance with the above pseudo-code and the Level Activation Table of Fig. 23 
proceeds as follows: 
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(i) processing starts at record 13 (root node); 

(ii) the Geld "LnR op used" of record 13 is TRUE (1) so the "ovci" instruction is 
added to the instruction list; 

(iii) the field "Geneiate R" of record 13 is TRUE (IX so the contents of the "R 
Branch Index" of record 13 is added to fiie stack. Hie stack thus storing the 
index (5); 

(iv) the field "Generate L" of record 13 is TRUE (1), so processing moves to 
record 12; 

(v) the field "LnR op used" of record 12 is FALSE (0), so no instiuotion is added; 

(vi) the field "Generate R" of record 12 is TRUE (1). so the contents of the "R 
Branch Index" of record 12 is added to the stack. The stadc cuireoUy thus storing 
the indices (8,5); 

the field "Gennete L" of recoid 12 is FALSE (0), thus the processing falls 
througji; 

(vlli) the stack is not empty, so index 8 is popped off the stack, and processing 
moves to the lecoid corresponding to index 8. The stack thus currently storing the 
index(5); 

(ix) the field "LnR op used" of record 8 is FALSE (0), so no instniction is added; 

(x) the field "Generate R" of record 8 is FALSE (OX so nothing is added to the 
stack. The stack thus currently storing the index (S); 

(xi) Uie field "Generate L" of record 8 is TRUE (1), so processing moves to (he 
next entry, i« record 7; 

(xii) (be record 7 is a leaf, so a leaf value instruction is added to the list, and 
processing falls through; 

(xiii) stack is not empty, so index 5 is popped off the stack, and processing moves 
to index S. The stack is now emp^. 

This process proceeds on to completion. 

The instnictions genecated for this example are shown in Fig. 20. 

In this way, the IVaveisal and Instniction Generator Module 506 is able to generate 
a minimal set of instructions necessary for ttie lendeting of the csqiression tree Bx any one 
or more active objects. These instnictions are then passed onto the fill colour 
determination module 600. 

In another embodiment of the Activity Determination and Instniction Generation 
Module 500, the module takes into account the &ct that, in the overlapping region, an 
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opaque object may obscure the other object. lnd«cd, cither branch of a node can be 
obscured by the other. If an object is obscured by an opaque object, then it does not need 
to be generated wher\ both objects are active. The" Level Activation Table can be 
modified ti> pieveat these redundant operations firooi being perfomied. 

Tunring now to Fig. 25, there is shown an example of such a modified Level 
Activation Table. This Table is the same structuro as the Level Activation Table of 
Fig, 21, except it has two extra fields 'X obscures K." and "R obscures L". The field "L 
obscures R" is a logic field and indicates whether or not the left object obscures the right 
object when both the objects are active. Similarly, the field "R obscures L" is a logic 
field and indicates whether or not the right object obscures the left object when both the 
objects are active. The daU contained m the fields "Node Active", "Generate R", "LoR 
op used", and "Generate L" is also based on difiEerent lo^c than the Level Activation 
Table of Fig. 21. The obscurancc flags are very useful in expression trees comprlsiog 
both opaque and transparent objects. 

Turning now to Fig. 24, there is shown a logic circuit for setting the fields "Node 
Active", "Generate L", "Generate R", and "(LPlR) op used" of the inodified Level 
Activation Table, ft can seen that the "Node Active" logic has changed from Fig. 22, and 
is now based on whether data will be generated by the node. The critical path of the 
circuit is longer, but this allows clipping of tA)jects to be perfoirocd using the same logic. 
If both of the obscuiance fields are set, no data is generated in the intersection region (this 
is part of the itaplementation of a CLIP OUT). 

Tlicse obscurance fields may be used to implement a CUP IN operation and a CLIP 
OUT operation, as shown in the Level Activation Table of Fig. 25. The field settings for 
the CLIP IN and CLIP OUT operation are showo in the Table of Fig. 25. 

The difference between a CLIP IN operation and a simple in operation is thai the 
right branch operation is never performed Ttus can be seen from a [X)mparison of the 
trath table of the IN operation as shown in Fig. 26 and from the truth table of the CLIP IN 
operation as shown in Fig. 27. In these tnith tables. T stands for transparent (inactive), O 
stands for opaque, and L and R stand for L opacity unknown and R opacity uidoiown. 
The cases where a difference occurs are highlighted. In the CLIP IN case, activation of 
the right object enables the generation of instructions for the left object, such that the left 
object is edge clipped. Note that, the tight object may be a composition of arbitrarily 
many objects, using whatever cxMnbinations and different fill ruhss as may be required. 
The activity state of right object Is all that is used by the CUP IN operation. In previous 
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systems a clipping object consist af a separate single level which when activated or de- 
activated effected a counter for all levels to which the clip applies. In the present 
arrangement, the clip object appears as a special case of a general drawing object and 
appears as a node of llie expression tree and consequenay the activating or de-activating 
applies the clip without the need to increment or decrement counters on eveiy level. 

The difference between a CLIP OUT operation and a simple out operation can be 
seen Gom a comparison of the truth table of the OUT operation as shown in Fig. 28 and 
ftom the truth table of the CLIP IN operation as shown in Rg. 29. Agam, T stands Sor 
transparent (inactive), O stands for opaque, and L and R stand for L opacity unknown 
and R opacity unicnown. The cases where a difference occurs are again highlighted In 
the CLIP OUT case^ activation of the right object prevents the gencialion of instructions 
for the left object, such that the left object is edge clipped. As for a CLIP IN, the right 
object may be an arbitrarily complex collection of objects, witb diOerent fill rules as 
required. It is only the activity state that is used for clipping. 

The Activity Detennlnation and Inshuction Generation Module 500 describe above 
is based on an expression tree. However, the principles of the Module 500 may be 
generalised to DAGs (Directed Adjacency Graphs). This can be achieved by a further 
embodiment of tlie Module 500 by allowing the patent node field of a record of the Level 
Activation Tabic to contain a list of table entiies to its parent nodes, and providiog an L 
index pointer. Changing the stale of a node would then require that all of its parent nodes 
be modified, and iastructian generation would be required to follow the L index, rather 
than simply looking for the next table entry. DAGs would be useful for use with clipping 
objects, where multiple objects are clipped by the same object. 

A still further embodiment is based on the &ct that the staitmg node, i.e. the first 
ix)de which will provide an operation or data, will be a node which composites data from 
ils left branch onto the rendered page. This may be identified by adding a 'Page' field to 
the level activation tabic which idenliGes nodes which composite their left branch with 
the rendered page (R is PAGE). This 'Page' field may be ANDed with the Generate L 
field to provide a single bit per table entry datum wWch identifies active nodes which are 
putting data onto the page. The starting node will be the hi^esl priority node among 
these and can be searched for generating the instruclions. This eliminates the overhead of 
tree traversal for the nodes on the spine which aie not providing operations. 

Turning now to Fig. 30, there is shown an exeinplary expression tree 300 shovring 
those nodes which composite their left branch with the rendered page. As can been seen. 
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the nodes 302, 304, 306, and 308 composite their left branch onto the rendered branch 
and the 'Page' field for each of these nodes is set to TRUE(1). This 'page' field may be 
ANDed with the Generate L field for the same node, which identifies those active nodes 
putting data onto the page, hi the example expression tree, nodes 302, 306 and 308 are 
active and node 304 inactive. Tlius only those sub-trees of active nodes 302, 306 and 308 
need be traversed in order to generate the required instructions, thus minimising tree 
troveisal. 

Although the preferred eniboditnent describes the Activity Determination and 
Instruction Oeneration Module 500 as an integrated circuit, it may be implemented as an 
equivalent software module executable on a general purpose processing unit, such as the 
hast processor 2. The software module may form part of a computer program product 
which may be delivered to a user via a computer readable medium, such as a disk device 
or computer netwoiic* 
4.0 rai Colour Determination Module 

The operation of the fill colour detemiination module 600 will now be described 
with reference to Fig. 6. Incoming messagw 598 from the activity dctciminatran and 
instruction generation module 500, which include set fill data messages, repeat messages, 
fill priority messages, end of pixel messages, and end of scan line messages, fust pass to a 
fill lookup and control module 604. The fill lookup aiid control module 604 maintains a 
current X position counter 614 and a current Y position counter 616 for use by various 
components of the fill colour determination module 600. 

Upon receipt of an end of scan line message, flie fill lookup and control module 604 
resets the current X counter 614 to zero and increments the cvirrent Y counter 616. The 
end of scan line message is then passed lo the pixel compo^ng module 700, 

Upon receipt of a set fill data message, the fill lookup and control module 604 
stores (he data in the specified location 602 of the fill data table 36. 

Upon receipt of a repeat message, the fill lookup and control module 604 
increments the cunent X counter 614 by the count from the repeat message. The repeat 
message is then passed to the pixel compositing module 700. 

Upon receipt of an end of pixel message, the fill lookup and control module 604 
again increments the current X counter 614, and the end of pbcel message is then passed 
to the pixel compositing module 700. 

Upon receipt of a fill priority mesaage, the fill lookup and contiol module 604 
performs operations which include: 
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(i) the fill type from the fill priority message is used 1o select a record size in the 
table 36; 

(ii) the fill table address from the fill priorily message, and the record size as 
determined above, is used to select a lecord from the fill data table 3<S; 

(iii) the fill type from Ihe fill ptioriiy message is used to determine and select a 
sub-module to perform generation of the Gil colour. The sub-modules may Include a 
raster image module 606, a flat colour module 608, a linearly ramped colour module 610, 
and an opacity tile module 612; 

(iv) the determined record is supplied to the selected sub-module 606-6 12; 

(v) the selected sub-module 606-612 uses Ihe supplied data to detennine a colour 
and opacity value; 

(vi) the determined colour and opadty is combined with leraainins information 
from the fill colour message, namely the raster operation code, the alpha channel 
operation code, the source pop flag, and the destination pop flag, to form a colour 
composite message, which is sent to the pixel compositing module 700 via the 
connection 698. 

In the preferred embodiment the deternined colour and opacity is a red, green, blue 
and opacity quadruple with 8-bit precision in the usual manner ^ving 32 bits per pixel. 
However, a cyan, magenta, yellow and black quadruple with an implied opacity, or one of 
many other known colour representations may alternatively be used. The rod, green, blue 
and opacity ease is used in the description below, but the description may also be applied 
to other cases. 

The operation of the raster image module 606, the flat colour module 608, the 
linearly ramped colour module 610, and the opacity tile module 612 will now be 
described, 

The flat colour module 608 interprets the si^iplicd record as a fixed format record 
containing three 8-bi( colour components (typically interpreted as red, green and blue 
components) and an 8-bit opacity value (typically interpreted as a measure of the fraction 
of a pixel which is covered by Ihe specified colour, where 0 means iw coverage, that is 
complete transparency, and 255 means complete coverage, that is, completely opaque). 
This colour and opacity value is ou^ directly via the connection 698 and forms the 
determined cok>ur and opacity without fiirther processing. 

The linearlj! ramped colour module 610 interprets the supplied record as a fixed 
format record contauiing four sete of coJistants est, cy and d, associated with the three 
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colour and one opacity components, and two position values xbase and ybase being the 
coordinates of the reference point of the linear ramp. At the reference point, the colour 
and opacity components have their associated d value, 

For each of the four sets, a result value r is computed by combining three constants 
with the current X and V coordinates, and the xbase and ybase constants, using the 
focmula; 

r = damp icxx(;C-xbase) + cyK(\- ybase) *-ti) 
where the function damp is defined es: 

{ 255 255 <x 
ctompW = { UJ 0<x<255 
{ 0 j:<0 
In an alternative Implementation, the linearly ramped colour module 610 iuterprets 
the suppUed record as a fixed formal record containing four sets of three constants, cx, cy, 
and d, being associated -with the ihiee colour and one opacity components. For each of 
these R)ur sets, a result value r is computed by combining the three constants with the 
cunent X count, X, and the current Y count, using the formula: 

r = c/afnp ( at K X + cy 7C > + ) 
where the function clamp ia defined as above. 

The four results so produced are foimed into » colour and opacity value. This 
colour and opacity value is output directly via the connection 698 and fonns the 
determined colour and opacity without further processing. 

Other mathematical calculations giving the same result may be used. 
The opacity tile module 612 interprets the supplied record as a fixed foiroat record 
containing three 8-bit colour components, an 8-bit opacity value, an integer X phase, (px), 
a Y phase, {py). an X scale, (m), a Y scale, (syl and a 64 bit mask. These values 
originate in the display list generation and contauwd typically in the oiigtoal page 
description. A bit address, a, ia the bit mask, is deleimined by the foimuU: 
« = (C x/i^x +px)modS) + [{ yl2^ + /(y ) mod 8 ) x 8 
The bit at the address "a" in the bit mask is examined. If the examined bit is one, 
the colour and opacity from the record is copied directly to the output of the modulefilZ 
and fonns the determined colour and opacity. If the examined bit is zero, a colour having 
tbiee zero component values and a zero «^ity value is formed and output as the 
determined colour and opacity. 
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The raster image module 606 interprets the supplied record as a fixe<l roimat record 
containing six constants, a, b, c, d, ibase and ybase; an integer counl of llie number of 
bits (bpl) in each raster lino of the raster image pixel data V6 to be sampled; and a pixel 
type. The pixel type indicates whether the pixel data 16 in the raster image pixel data is 
to be iiAeipieted as one of: 

(i) one bit per pixel black and white opaque pixels; 

(ii) one bit per pixel opaque black or transparent pixels; 

(iii) 8 bits per pixel grey scale opaque pixels; 

(iv) 8 bits per pixel black opacity scale pixels; 

(v) 24 bits per pixel opaque three colour component pixels; or 

(vi) 32 bits per pixel tliree colour component plus opadty pixels. 
Many other ibnnats are possible. 

The taster image module 606 uses the pixel type indicator to determine a pixel size 
{bpp) in bits. Then a bit address, a, in the raster im^e pixel data 16 is calculated having 
the formula; 

a = bpp*\.ax(x- xbase) +/: x (v - ybose) J 
■\-bpIx\.bx(x.xbase) + dx{y-ybase)\. 
A pixel interpreted according to the pixel type from the record 602 is fetched from 
the calculated address "a" in the raster image pixel data 16. The pixel is expanded as 
necessary to have three eigiht bit colour components and an eight bit opacity component 
By "expanded", it is meant for example, that a pixel from an eight bit per pixel grey scale 
opaque raster image would have the sampled eight bit value applied to each of the red, 
green and blue component, and the opacity component set to fully opaque. This then 
forms the determined colour and opadly ou^ut 698 to the |nxel compositing module 700. 

As a consequence, the raster pixel data valid within a displayable object is obtained 
tfatough the deteraiidation of a mapping to the pixel image data within the memory 16. 
This eflectively implements an afline transform of the raster pixel data into the object- 
based iniage and is more eflicient than prior art methods which transfer pixel data Srom an 
image source to a frame store where compositing with graphic obj ect may occur. 

As a preferred feature to the above, inteipolation between pixels in the raster image 
pixel data 16 mscy optionally be performed by first calculating intermediate tesidts;?, and 
q according to the foimulae: 

p=a\ (x-xbase) e x (y- ybase) 
q = bx{x -xtoe) + dx{y -ybase) , 
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Next the bit addresses, uqq, oqi, aiQ, tad an, ot four pixels in the raster iaiage 
pixel dala 16 are dctermiDcd according to the formulae: 

"00 ~ bpp x[pi + bpl X L?J 

aoi = <m + bpp 

aio^aQQ-irbpl 

oil =a00 + bpl + bpp 

Next, a result pixel component value, r, is detetmined for each colour mid opacity 
component according to the formula: 

r^interp ( /nterp (ge/(flOo), geiiaQ\),p\ Interp (.get(aw), get(ai i),p), q ) 
where tlie function interp is dsfined as: 

mterp (a,b,c)^ai- (b-a) x (c-LcJ) 

b the abcwc equations, the representation lvalue] = floor (value), where a floor 
operation involves discarding the fractional part ot value. 

Jbs get function returns the value of the current pixel component sampled bom the 
raster image pixel daU 16 at the given bit address. Note that for some components of 
some image types this pan an implied value. 

As a prcfencd feature to the above, image tiling may optionally be perfoimed by 
using xmiy values in the above equations which are derived from the current X and Y 
counters 614, 616 by a modulus operation with a tile size read from the supplied record. 

Many more such fill colour generation sub-modules are possible. 
5.0 Pixel Compositing Module 

The operation of the pixel compositing module 700 will now be described. 
Incoming messages from the fill colour determination module 600, which inchide repeat 
messages, colour con:iposite messages, end of pixel messages, and end of scan line 
messages are processed in sequence. 

Upon receipt of a repeat message or an end of scan line message, the pixel 
compoaitiiig module 700 forwards the message to a pixd output FIFO 702 without fiitther 
processing. 

Upon leceipt of a colour composite message the pixel compositing module 700 
typically, and In general tenns combines the colour and opacity from the colour 
composite message with a colour and opacity popped from the pixel compositing stack 38 
accotding to the raster operation and alpha channel opetation from the colour composite 
message. It then pushes the result back onto the pixel compositing stack 38. A 
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description of the processing performed upon of receipt of a colour composite message is 
given below. 

Upon receipt of an end of pixel message, the pixel compositing module 7(X) pops a 
colour and opacity from Uie pixel compositing stack 38, with the exceplioa tliat if the 
stack 38 is empty an opaque white value is used. The resultant cobur and opacity is 
formed into an pixel output message wUch is forwarded to the pixel output FIFO. 

A known compositing approacli is that described in "Compositing Digital Images", 
Porter, T; Duff, T; Computer Oleics, Vol. 18 No. 3 (1984) pp. 253-259. Examples of 
Porter and Duff compositing operations are shown in Fig. 15. However, such an 
approach is deficient in that it only permits handling source and destination colour in the 
intersecting region formed by the composite and, as a consequence, is unable to 
accommodate the influence of transparency in the intersecting legion. This msults in the 
raster operations defined by Porter and Duff as being essentially inoperative in the 
presence of traospareDcy. 

The ptocessine paformed by the pixel Con^iting module 700 upon receipt of a 
colour composite message will now be described. 

Upon receipt of a colour composite message, (he pixel compositing module 700 
first forms a source colour and opacity. This is taken from the colour and opacity 
provided in (he colour composite message unless the pop source flag is set in the colour 
composite message, in which case the colour is pepped tiam the pixel compositing 
stack 38 insCBwl. If at this time, or during any pop of the pixel compositing stack, the 
pixel compositing stack 38 is found to be empty, an opaque white colour value is used 
without any error indication. Next, a destination colour and opacity is popped from the 
pixel compositing stack 38, except that if the destination pop flag is not set in the colour 
composite message, the stack pointer is not disturbed during the "pop" operation, in effect 
making this a read from top of stack 38 instead. 

The method of combining the source colour and opacity with the destination colour 
and opacity will now be described with reference lo Figs. 7A to 7C. For the purposes of 
this description, colour and opacity values are considered to range from 0 lol, 
{ie: nonnalised) although they arc typically stored as 8-bit values in the range 0 to 255. 
For the purposes of compositing together two pixels, each pixel is regarded as being 
divided into two regions, one region being fiiUy opaque and the other fiilly transparent, 
with the opacity value being an indication of the proportion of these two regions. Fig. 7A 
shows a source pixel 702 which has some three component colour value not shown in the 
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figure and an opacity value, {so). The shaded region of the source pixel 702 represente 
Ihe fiilly opaque portion 704 of the pixd 702, Similarly, the non-shaded region in Fig. 7A 
represents that proporlioa 706 of the source pixel 702 considered to be folly transparent 
Fig. 7B shows a destination pixel 710 with some opacity value, (th). The shaded region 
of the destination pixel 710 lepresonts the folly opaque portion 712 of the pixel 710. 
Similarly, the pixel 710 has a fiilly transparent portion 7K. The opaque regions of the 
source pixel 702 and destination pixel 710 are, for the purposes of the combination, 
considered to be orthogonal to each other. The overlay 71 6 of these two pixels is shown 
in Fig, 7C. Three regions of interest exist, which include a source outside destination 71 8 
which has an area of jo x (1 - do), a source intersect destination 720 which has an area of 
X do, and a destination outside source 722 which has an area of (1 - so ) x rfo. The 
colour value of each of these three regions is calculated conceptually independently. The 
source outside destination region 718 takes its colour directly (rom the source colour. 
The destination outside source region 722 takes its colour directly from the destination 
colour. The source intersect destination region 720 takes its colour from a combination of 
the source and destination colour. The process of combining source and destination 
colour, as distinct ftom the other operations discussed above is termed a raster operation 
and is one of a set of fiinctions as specified by the raster operation code Scorn the pixel 
composite message. Some of the raster operations included in the preSsired entbodiment 
are shown in the Table shown in Fig, 17 of the drawings. 

Each fonotion is applied to each pair of conesponding colour components of Ihe 
source and destination colour to obtain a like component in the resultant colour. Many 
other fonctions are possible. 

The alpha channel operation bom the composite pixel message is also considered. 
The alpha channel operation is performed using three flags, each of which corresponds to 
one of the regions of interest in the overlay 716 of the source pixel 702 and the 
destination pixel 710. For each of the regions, a region opacity value is formed which is 
zero if the corresponding flag in tiie alpha channel operation is not set, else it is the area 
of the region; 

The resultant opacity is formed from the sum of tiie region opacities. Each 
component of the result colour is then formed by the sum of the products of each pair of 
region colour and region opacify, divided by the resultant opacity. 

The resultant colour and opacity is pushed onto the pfarel compositing slack 38. 
6.0 Pixel Output Module 
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The opetaiion of the pixel output module 800 will now be described. Incoming 
messages are read from the pixel oulpul FIFO, which iiwlude pixel output messages, 
repeat message*, and end of scan line messages are processed in sequence. 

Upon receipt of a pixel output message the pixel output module 800 stores the pixel 
and also forwards the pixel to its oulpuu Upon receipt of a repeat message the last stored 
pixel is forwarded to the output 898 as many times as specified by the count from the 
repeat message. Upon receipt of an end of scan line message the pixel output module 800 
passes the message to its output. 

The output 898 may connect as required to any device that utilizes pixel image data. 
Such devices include output devices such as video display units or printers, or memory 
storage devices such as hard disk, semiconductor RAM including line, band or frame 
stores, or a computer network. 

It will be appreciated by (hose skilled in the art that compositing of objects over 
larger numbers of levels is also possible by extiapoUting the method described herein. 
Furthemioie, it will also be appreciated that the various manipulations shown can be used 
indifferent compositing paradigms, inchiding fiamestote-based systems and other slack- 
based, line or band-based compositing systems. 

It will be apparent from the foregoing that the method and apparatus described 
provide for the rendering of graphic objects wiBi fiill fiinctionality deawnded by 
sophisticated graphic description languages without a need for intermediate storage of 
pixel image data during the rendering process. 

Industrial AppllcabiUty 
It is apparent from the above thai the embodimcnf(s) of the invention ere applicable 
to the computer graphics and printing industries. 

The foregoing describes only one embodiment/some embodiments of the preseat 
invention, and mo^cations and/or changes can be made thereto without departing from 
the scope and spirit of the invention, the embodimeni(s) being illustrative and not 
restrictive. 
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4. Brief Description of the Drawings 

Fig. 1 is a schematic block diagram representation of a comput&r system 
incorporating the preferred embodiment; 

Fig, 2 is a block diagram showing the fiinctional data flow of the preferred 
embodiment; 

Fig. 3 is a schematic block diagram lepreKtitation of the pixel scqueatial lendering 
apparatus and associated display list and temporary stores of the preferred embodiment; 
Fig. 4 is a schematic functional representation of the edge processing module of Fig. 

2; 

Fig. 5 is a schematic funcU'onal lepcesentation of the activity determination and 
instruction generation module of Fig. 2; 

Fig. 6 is a schematic hinctional reptesentalion of the 511 data determinaaon module 
ofFtg.2; 

Hgs. 7A to 7C iUustrate pixel combinations between souicc and destination; 

Fig. 8 illustrates a two-object image used as an example for explaining the operation 
of preferred embodiment; 

Figs. 9A and 9B illustrate the vector edges of the objects of Fig. 8; 

Fig. 10 illustrates the rendering of a number of scan lines of the image of Fig. 8; 

Fig. 11 depicts the arrangement of an edge record for the fanage of Fig. 8; 

Figs. 12A to 12J illustrate the edge update routine implemented by the ancangcmcnt 
of Fig. 4 far the example of Fig. 10; 

Figs. 13A to 13E illustrate how large idianges in X coordinates contribute to spill 
conditions and how they are handled; 

Figp. 14A to 14D provide » oompaiison between two prior ait edgp description 
fomals and that used in the prefencd embodiment; 

Fig. 15 depicts the result of a numbei oC compositing operations; 

Fig. 16 shows an exeraplaiy table of edge records bx storage in the edge record 
store of Fig. 2; 

Fig. 17 shows a tabic of some Of the raster operations for use in the preferred 
embodiment; 

Figs. ISA and 18B show a simple compsoting expressioa illustrated as an 
expression tree and a corresponding description; 

Fig, 19 shows an exemplaty expression tree tor faiplcraenting a series of Porter and 
Duff compositing operations on objects A,B,C and D and a corresponding instruction list; 
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Fig. 20 shows the expression tree of Rg. 19 where object C is active and a 
correspondiag instruction list; 

Pig. 21 shows a level atSivation table generated by the level activation Ubte 
generator of Fig. 5 for the expression tree of Fig. 20; 

Fig. Z2 shows the logic dicuit nsed in the level activation table update module of 
Fig- 5; 

Fig. 23 shows an updated level activation table for the expression tree of Fig. 20 
where object C is active; 

Fig. 24 shows a further embodiment of the logic circuit used in the level activation 
table update module of Fig. S; 

Fig. 25 shows a level activation taUe for use with the further embodiment of 
Fig. 24; 

Pig. 26 shows a truth table for the IN compositing operation; 
Pig. 27 shows a truth table fiar the CLIP IN compositing operation; 
Fig. 28 shows a truth table for the OUT compositing operation; 
Fig. 29 shows a inith table for the CLIP OUT compositing operation; and 
Fig. 30 illustiates ao exemplary expression tree showing nodes which composite 
their left branch with the rendered page. 
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1. Abstract 

Disclosed arc mclhods, appaialus (1) and compuier leadable medium for generating 
insiructions for a directed adjacency graph, sjcb as an expression tree, into a raster pixel 
{nuge having a plurality of scan lines and a plurality of pixel locations on each scan line. 
The expression tree comprises one or more parent nodes and one or more leaf nodes. The 
parent nodes each representing an operator and each having branches to respective 
descendcnl nodes. The leaf nodes each representing a graphic object. The apparatus 
comprises means for scanning a plurality of pixel locations (300). The apparatus further 
comprising a module (504) for determining, for each of the scanned pixel locations, a 
portion of the expression tree in accordance with the activity of the operators, where the 
portion of the expression tree is that portion which passes data up the tree. The apparatus 
also comprises a Module (506) for generating instniclions tor the detennined portion of 
the expression tree, wherein operator instructions arc generated fbr those operators of the 
detcimined portion of the exptession tree having active branches and wherein loaf 
instructions are generated for those graphic objects which are active at the scanned pixel 
location. 

2. Representative Drawing 

Fig. 5 



